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PREFACE
This  work was done w h i l e  I  was P h y s i c i a n  a t  t h e  David 
Bruce M i l i t a r y  H o s p i t a l ,  M a l ta  G.C., d u r i n g  1950 and 1951 .  I  
t h e n  had th e  o p p o r t u n i t y  o f  s t u d y i n g  an  o u t b r e a k  o f  
p o l i o m y e l i t i s  among s e rv ic e m e n ,  t h e i r  f a m i l i e s ,  and some n u r s e s .  
Some of  t h e  f e a t u r e s  o f  t h e  o u tb re a k  were of i n t e r e s t  from th e  
e p i d e m i o l o g i c a l ,  and to  a l e s s e r  e x t e n t ,  from th e  c l i n i c a l  p o i n t  
of v iew .  I  have made o b s e r v a t i o n s  on the  f o l l o w i n g :
(a) The i n c u b a t i o n  p e r i o d  o f  p o l i o m y e l i t i s .
(b) The mode o f  s p r e a d  o f  p o l i o m y e l i t i s  v i r u s ,  and th e
r e l a t i o n s h i p  of c o n c u r r e n t  m inor  i l l n e s s e s  t o  th e  
o u t b r e a k .
(c)  The r e l a t i o n s h i p  o f  a c t i v i t y  i n  t h e  e a r l y  s t a g e s  o f
p o l i o m y e l i t i s  to  p a r a l y s i s .
(d) C l i n i c a l ,  f e a t u r e s  o f  t h e  o u t b r e a k .
(e) P regnancy  and p o l i o m y e l i t i s .
( f )  T re a tm e n t .
I  have summarised t h e  work u n d e r  t h e s e  h e a d i n g s ,  and 
drawn c o n c l u s i o n s ,  a t  t h e  end of  each s e c t i o n ;  t h e r e  
i s ,  t h e r e f o r e ,  no g e n e r a l  summary and l i s t  o f  c o n c l u s i o n s  
a t  t h e  end of t h e  t h e s i s .
I  was h e lp e d  i n  t h e  c l i n i c a l  work by A . J .  C ra ig ,  Esq.. ,
e
M.D., F .R . C . S . ,  P r o f e s s o r  o f  S u rg e ry  a t  t h e  Royal U n i v e r s i t y  o f  
M al ta  and by C a p ta in  J . P .  Ca ley ,  R.A.M.C. Colonel  H.C. Benson, 
who was th en  commanding th e  h o s p i t a l ,  gave  me much 
encouragement  i n  p u r s u i n g  the  work.
I . INTRODUCTION
(a)  H i s t o r i c a l .
There was a s m a l l  ep idem ic  o f  p o l i o m y e l i t i s  i n  M al ta  i n  
1902 b u t  i t  was n o t  u n t i l  t h e  w i n t e r  o f  1942 -  43 t h a t  th e  f i r s t  
l a r g e  ep idem ic  o c c u r r e d .  Ind eed ,  t h e  t o t a l  r e c o r d e d  in c id e n c e  
d u r i n g  t h e  p e r i o d  1921 t o  1941 was o n ly  61 c a s e s ,  and th e  l a r g e s t  
number o f  c a s e s  i n  any one y e a r  was 9, i n  1921 .  I t  was t h e  
o p i n i o n  o f  Seddon e t  a l . (1945) t h a t  more t h a n  61 c a s e s  o c c u r r e d  
d u r in g  t h e s e  20 y e a r s  b eca u se  one o f  the  a u t h o r s  n o t e d  t h e  a f t e r  
e f f e c t s  of  p o l i o m y e l i t i s  w h i l e  exam in ing  r e c r u i t s  f o r  th e  Armed 
S e r v i c e s  d u r in g  the  1939 -  45 War. This  o p i n io n  has a l s o  been  
e x p r e s s e d  to  me by P r o f e s s o r  A . J .  C ra ig  ( P r o f e s s o r  o f  S u rg e ry  i n  
th e  Royal U n i v e r s i t y  o f  M al ta )  i n  a  p e r s o n a l  com m unica t ion .
Between November, 1942, and March, 1943, 483 c a s e s  were 
n o t i f i e d  o f  which 57 were i n  se rv ic e m e n .  (Seddon e t  a l . 1 9 45 ) .
A second  o u tb r e a k  o c c u r r e d  d u r in g  the  w i n t e r  o f  1945 -  46 when 
t h e r e  were 79 c i v i l i a n  c a s e s  and 6 s e r v i c e  c a s e s ,  i n  th e  l a t t e r  
h a l f  of  1947 t h e r e  were 57 c i v i l i a n  and 18 s e r v i c e  c a s e s .
(b) The o u t b r e a k .
In  t h e  ep idemic  o f  1950 -  51 th e  f i r s t  c ase  was a M a l te s e  
c h i l d  who became i l l  on 2 7 th  May, 1950. Cases c o n t in u e d  to  occu r  
d u r in g  th e  h o t  summer months ,  th ro u g h  th e  c o o l  w i n t e r  o n e s ,  u n t i l  
F e b r u a r y , 1951, when 230 e a s e s  had b e e n  n o t i f i e d .  My 
o b s e r v a t i o n s  /
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o b s e r v a t i o n s  a r e  drawn f rom  a s t u d y  of 51 o ase s  among se rv ic e m e n ,  
t h e i r  f a m i l i e s  and  some n u r s i n g  s i s t e r s ;  f o r  conv en ien ce  a l l  my 
c a s e s  a r e  c l a s s i f i e d  as  s e r v i c e  o a s e s  s i n c e  t h e y  were  a l l  
a d m i t t e d  to  t h e  David Bruce M i l i t a r y  H o s p i t a l .  T h e i r  
d i s t r i b u t i o n  i s  shown i n  t a b l e  I .
(c )  Age d i s t r i b u t i o n .
The age g roup  d i s t r i b u t i o n  o f  th e  c i v i l i a n  c a s e s  showed 
th e  i n f a n t i l e  p a t t e r n  o f  t h e  1942 -  43 and th e  1945 -  46 
e p id e m ic s ,  t h u s :  8 1 .9 $  aged  0 - 4  y e a r s ,  5 . 6 $  aged  5 - 9  y e a r s ,
5 . 6 $  aged  10 -  19 y e a r s ,  and 6 . 7 $  over  20 y e a r s .  A l though  t h e r e  
was a t e n d e n c y  i n  t h e  c i v i l i a n  c a s e s  to w ards  a r i s i n g  age 
i n c i d e n c e  as  compared w i t h  e a r l i e r  e p id e m ic s ,  th e  i n f a n t i l e  
p a t t e r n  i s  c l e a r .  This  t e n d e n cy  to  a r i s i n g  age i n c i d e n c e  
conforms w i t h  a  g e n e r a l  e p i d e m i o l o g i c a l  t r e n d  n o t e d  by B u rne t  
(1940) and Sab in  (1 9 49 a) .  The i n f a n t i l e  p a t t e r n  i s  t h e  r u l e  i n  
most  t r o p i c a l  and  s e m i - t r o p i c a l  c o u n t r i e s  where s t a n d a r d s  o f  
hyg iene  t e n d  to  be low .  McAlpine (1945) s t a t e d  t h a t  p o l i o m y e l i t i s  
was n o t  uncommon among n a t i v e  I n d i a n  c h i l d r e n  w h i le  c o m p a r a t i v e l y  
r a r e  i n  a d u l t s ,  and a c c o r d i n g  to  P au l  e t  a l .  (1944) t h e r e  was a 
f a i r l y  h ig h  endemic r a t e  i n  E g y p t i a n  c h i l d r e n  under  t h e  age o f  
5 y e a r s  w i t h  a  low r a t e  i n  E g y p t i a n  a d u l t s .  I n  a l a t e r  s tu d y  i n  
Egypt Pau l  e t  a l ,  (1952) were a b le  to  show t h a t  th e  age o f  o n s e t  
o f  p o l i o m y e l i t i s  i n  Egypt i s  p u r e l y  i n f a n t i l e ;  i . e .  two t h i r d s  
o f  /
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o f  t h e  o ases  o c c u r r e d  "before th e  age o f  2 y e a r s .  They compared 
t h i s  w i th  Miami, F l o r i d a ,  which i s  r o u g h l y  on th e  same l a t i t u d e  
as  C a i ro ,  where two t h i r d s  of t h e  c a s e s  d i d  n o t  o c c u r  u n t i l  
c h i l d r e n  were 12 y e a r s  o l d .  They a l s o  f o u n d  t h a t  serum 
n e u t r a l i z a t i o n  t e s t s  i n  % y p t i a n s  r a n g i n g  from one month t o  40 
y e a r s  o f  age showed t h a t  by 2 y e a r s  o f  age ahou t  80 p e r  c e n t ,  had 
a c q u i r e d  Lanc ing  ty p e  a n t i b o d i e s ,  and th r o u g h o u t  s u b s e q u e n t  l i f e  
t h e  l e v e l  was m a i n t a i n e d  a t  a b o u t  100 p e r  c e n t .  S i m i l a r  s t u d i e s  
were  made w i th  th e  B r u n h i ld e  and Leon t y p e s  o f  p o l i o m y e l i t i s  
v i r u s  and th ey  deduced  from t h e i r  r e s u l t s  t h a t  most c h i l d r e n  i n  
Egypt a c q u i r e d  a n t i b o d i e s  t o  a l l  t h e  t h r e e  known t y p e s  o f  
p o l i o m y e l i t i s  v i r u s  be tw een  th e  ages  of  1 and 4 y e a r s .  I n  
J a p an  (Paul  1945) t h e  d i s e a s e  i s  endemic and a f f e c t s  m a in ly  
c h i l d r e n ,  w h i le  i n  West A f r i c a  the  d i s e a s e  i s  w e l l  known to 
l o c a l  i n h a b i t a n t s  i n  young n a t i v e  c h i l d r e n  b u t  uncommon i n  n a t i v e  
a d u l t s  ( F in d l a y ,  Anderson and Haggie 1 9 4 6 ) .  The s e r v i c e  c a se s  
i n  M a l ta  i n  1950 -  51 were m o s t ly  a d u l t s  ( t a b l e  I I ) ,  o f  whom two 
were  M a l te se  ( c i v i l i a n  n u r s i n g  s i s t e r s  w ork ing  i n  t h e  M i l i t a r y  
H o s p i t a l ) ;  one was a Canadian ,  one a Hew Z e a l a n d e r ,  and th e  
rem a in d e r  were o f  B r i t i s h  n a t i o n a l i t y .  The two M a l te se  n u r s i n g  
s i s t e r s  were b i n o v u l a r  tw in s  who were away from M a l ta  d u r in g  th e  
1942 -  43 ep idem ic  o f  p o l i o m y e l i t i s .  As i n  th e  p r e v i o u s  
r e c o r d e d  o u t b r e a k s  no M a l te se  t r o o p s  were a f f e c t e d .
(4 ) /
(d) G e o g ra p h ic a l  d i s t r i b u t i o n  o f  s e r v i c e  c a s e s .
M a l ta  and i t s  n e ig h b o u r in g  i s l a n d  o f  Gozo a r e  t o g e t h e r  
r a t h e r  s m a l l e r  t h a n  t h e  I s l e  of Wight .  The a r e a  of  M a l ta  i s  95 
sq u a re  m i l e s  and  t h a t  o f  Gozo i s  27 ,  ( s e e  map) .  The 
a p p ro x im a te  c i v i l  p o p u l a t i o n  i n  1950 was 3 1 0 ,0 0 0 .  The i s l a n d s  
a r e  t h u s  d e n s e l y  p o p u l a t e d .
The David Bruce M i l i t a r y  H o s p i t a l  i s  s i t u a t e d  a t  I m t a r f a  
( see  map),  where a l s o  a sm a l l  number o f  s e r v i c e  f a m i l i e s  were 
q u a r t e r e d  i n  1950 and 1951 .  S e v e n teen  c a s e s ,  i n c l u d i n g  12 of  
th e  h o s p i t a l  s t a f f ,  l i v e d  a t  I m t a r f a .  Thus one t h i r d  o f  the  
c a s e s  came from t h i s  a r e a .  I f  t h e  12 h o s p i t a l  s t a f f  a r e  
e x c lu d e d ,  t h e r e  would s t i l l  be 5 ou t  o f  51 c a s e s ,  ( i . e .  9 .8  
p e r  c e n t . )  who l i v e d  n e a r  th e  h o s p i t a l .  These 5 p e o p le  had 
ample o p p o r t u n i t y  o f  coming i n t o  c o n t a c t  w i t h  most o f  t h e  s t a f f  
o f  th e  h o s p i t a l  i n  sh o p s ,  b a r r a c k s ,  o r  day to  day e n c o u n t e r s  i n  
t h e  open.
I  t h i n k  t h a t  a l l  t h i s  s u p p o r t s  t h e  v iew  t h a t  c o n t a c t  i s  an  
im p o r t a n t  f a c t o r  i n  t h e  s p r e a d  o f  p o l i o m y e l i t i s .  (See 
Gbapter  I I I ) .
5 .
I I .  THE IHGUBATIOH PERIOD OF POLIOMYELITIS
The I n c u b a t i o n  P e r i o d  o f  p o l i o m y e l i t i s  has  n o t  been  
a c c u r a t e l y  e s t a b l i s h e d ;  t h e  p e r i o d  u s u a l l y  g i v e n  i s  7 -  14 days  
b u t  e s t i m a t e s  o f  from 3 - 3 5  days have b e en  g i v e n .
Wickman i n  1907 t r i e d  to  c a l c u l a t e  t h e  I n c u b a t i o n  P e r i o d  
from th e  o c c u r r e n c e  o f  m u l t i p l e  c a s e s  i n  f a m i l i e s  and  o t h e r s  
f o l l o w e d  h i s  l e a d .  Thus Aycock and E a ton  (1925) s t u d i e d  th e  
i n t e r v a l  be tw een  m u l t i p l e  c a s e s  i n  253 f a m i l i e s ,  and fo u n d  t h a t  
a  l a r g e  p r o p o r t i o n  o f  t h e  so c a l l e d  s e c o n d a r y  c a se s  a r o s e  from a 
common s o u rc e  w i t h  t h e i r  r e s p e c t i v e  p r im a r y  c a s e s ;  a much 
s m a l l e r  p r o p o r t i o n  of se c o n d a ry  p a r a l y s e d  c a s e s  i n  t h e  same 
f a m i l y  o c c u r r e d  10 -  18 days a f t e r  the  p r im a ry  c a s e s  and  were 
r e g a r d e d  a s  t r u e  se co n d a ry  c a s e s .  They c o n c lu d ed  t h a t  th e  
I n c u b a t i o n  P e r i o d  o f  p o l i o m y e l i t i s  v a r i e d  from 10 -  18 d a y s .
O ther  methods of  c a l c u l a t i n g  th e  I n c u b a t i o n  P e r i o d  have 
been  used  s i n c e ,  t h u s :
(a)  L im i te d  exposu re  t o  a known e a s e .
Aycock and E e s s e l  (1943) s t u d i e d  49 c a s e s  which 
f o l l o w e d  a l i m i t e d  ex po su re  to  a p r e v i o u s  c a s e .  They 
fo u nd  t h a t  i n  th e  m a j o r i t y  o f  c a s e s  t h e  I n c u b a t i o n  
P e r i o d  v a r i e d  from 6 t o  14 d ay s ;  e x c e p t i o n a l l y  i t  
was as  l o n g  as  20 d a y s .  I n  th e  M a u r i t i u s  ep idemic  
o f  1945 (McEarlan, L ick  and Seddon 1946) the  
I n c u b a t i o n  P e r i o d  e s t i m a t e d  from 7 c a s e s  w i th  s h o r t  
and /
and o n l y  p o s s i b l e  e x p o s u r e s  and from 6 o a s e s  w i t h  
l o n g e r  b a t  l i m i t e d  exp o su re s  was found  t o  r a n g e  from 8 
t o  14 d a y s .  S i l v e r t h o r n e  e t  a l .  (1949) o b se rv e d  7 i n s t a n c e s  
i n  which  t h e  d e d u c t i o n  seemed r e a s o n a b l e  t h a t  a  c e r t a i n  
p a t i e n t  had b e e n  i n f e c t e d  by a n o t h e r  d u r i n g  a r e s t r i c t e d  
p e r i o d  o f  c o n t a c t .  From t h e s e  i n s t a n c e s  t h e y  th o u g h t  t h a t  
th e  I n c u b a t i o n  P e r i o d  m ig h t  l i e  be tw een  7 and  21 d a y s .
(b) C o n tac t  w i t h  a  known c a se  o u t w i t h  t h e  d i s t r i c t .
Casey (1942) c o l l e c t e d  a  s e r i e s  o f  i n s t a n c e s  i n  which
th e  i n i t i a l  v i c t i m  i n  a  d i s t r i c t  e i t h e r  v i s i t e d  o r  was 
v i s i t e d  by a p a t i e n t  w i t h  a c u t e  p o l i o m y e l i t i s  from some 
o t h e r  d i s t r i c t .  His  e s t i m a t i o n  o f  th e  I n c u b a t i o n  P e r i o d  by 
t h i s  method was 5 to  35 d a y s .
(c)  From th e  s t u d y  o f  m i l k - b o r n e  i n f e c t i o n s .
I h i s  method o f  s p r e a d  o f  p o l i o m y e l i t i s  i s  t h o u g h t  t o  be 
r a r e  b u t  s e v e r a l  exam ples  o f  i t  have been  r e p o r t e d ,  e . g .  
Jfickman (1907) m en t io n ed  an  o u t b r e a k ,  p r o b a b l y  due to  m i l k ,  
i n  1905, where t h e r e  was a  s im u l t a n e o u s  o n s e t  o f  c a s e s  i n  
f a i r l y  w id e ly  s e p a r a t e d  houses  a l l  s u p p l i e d  w i t h  m i lk  f rom 
th e  same fa rm ,  i n  w h ich  a c a se  of  p o l i o m y e l i t i s  had o c c u r r e d ,  
14 days  p r e v i o u s l y .  He assumed t h a t  th e  I n c u b a t i o n  P e r i o d  
was u p w a rd .o f  14 d a y s .  Also i n  an a p p a r e n t l y  m i lk -b o rn e  
i n f e c t i o n  i n  S p r in g  T a l l e y ,  Hew York,  r e p o r t e d  by Dingman 
(1916) /
(1 9 1 6 ) ,  t h e  i n t e r v a l  be tween  p r im a r y  and s e c o n d a r y  c a se s  
was be tw een  14 and 18 d a y s .  I n  a n o t h e r  m i lk - b o r n e  o u tb r e a k  
o f  8 c a s e s  i n  C o r t l a n d ,  Hew York ,  Knapp e t  a l*  (1926) 
e s t i m a t e d  t h e  I n c u b a t i o n  P e r i o d  a t  7 t o  18 d a y s .  F i n a l l y ,  
Aycock (1927) r e p o r t e d  an  o u t b r e a k  o f  p o l i o m y e l i t i s  i n  
B r o a d s . t a i r s  i n  K en t ,  i n  which  t h e  m a j o r i t y  o f  e a s e s  o c c u r r e d  
be tw een  7 and 14 days  f o l l o w i n g  t h e  p e r i o d  d u r i n g  which th e y  
were  a l l  u s i n g  t h e  same m i lk  s u p p l y .
(d) From t h e  o c c u r r e n c e  o f  p o l i o m y e l i t i s  f o l l o w i n g  
t o n s  i l l e c t o m y .
Aycock and L u th e r  (1929) p r e s e n t e d  e v id e n c e  which 
i n d i c a t e d  a  c a u s a l  r e l a t i o n s h i p  be tween  t o n s i l l e c t o m y  and 
the  o c c u r r e n c e  of  p o l i o m y e l i t i s  i n  16 c a s e s  a l l  o f  whom 
d e v e lop ed  trie d i s e a s e  be tw een  7 and 18 days f o l l o w i n g  
o p e r a t i o n .
F r a n c i s  e t  a l .  (1942) d e s c r i b e d  th e  o c c u r r e n c e  of 
p o l i o m y e l i t i s  i n  a  f a m i l y  o f  5 c h i l d r e n ,  t h e  5 e l d e s t  o f  
whom d e v e lo p ed  b u l b a r  p o l i o m y e l i t i s  9 t o  14 days  a f t e r  
t o n s i l l e c t o m y  c a r r i e d  o u t  on t h e  same d a y .  This  s t u d y  a l s o  
em phas ised  th e  danger  o f  t o n s i l l e c t o m y  d u r in g  th e  months i n  
which p o l i o m y e l i t i s  i s  p r e v a l e n t  even  though  c a s e s  o f  t h e  
d i s e a s e  have n o t  b e en  r e c o g n i s e d  i n  t h e  community.
Some of  th e  v a r i a t i o n  in  th e  above i s  due t o  l a c k  o f  
u n i f o r m i t y  of  i n t e r p r e t a t i o n  among c l i n i c i a n s  as  to  what 
c o n s t i t u t e s  /
c o n s t i t u t e s  th e  o n s e t  o f  d i s e a s e ;  and t h e  o n s e t  i t s e l f  i s  
e x t r e m e ly  v a r i a b l e .  There a r e  s e v e r a l  ways i n  which  th e  d i s e a s e  
may commonly b e g i n  (Horstmann 1 9 4 9 ) .  Thus t h e r e  may be  a f i r s t  
phase  (minor  i l l n e s s ) ,  which i s  e n t i r e l y  n o n - s p e c i f i c ,  f o l l o w e d  
by a few d ay s  of w e l l - b e i n g  b e f o r e  a seco n d  phase  w i th  a l l  t h e  
f i r s t  p h a se  symptoms, p l u s  th o se  o f  in v o lv e m en t  of th e  c e n t r a l  
n e rv o u s  s y s te m .  There may be no i n t e r v a l  b e tw ee n  f i r s t  and 
s e co n d  p h a s e s ;  t h e  f i r s t  phase  may be e n t i r e l y  a b s e n t  or  so m i ld  
a s  t o  be e n t i r e l y  m is se d ;  and o c c a s i o n a l l y  p a r a l y s i s  may o c cu r  
a f t e r  10 days o r  more o f  v a g u e ' n o n - f e b r i l e  p r o d r o m a ta .  Some 
c l i n i c i a n s  take  t h e  o n s e t  o f  t h e  p rod rom al  o r  f i r s t  p h a s e ,  w h i l e  
o t h e r s  the  s e c o n d a r y  (m en ingea l )  p h a s e ,  as  th e  end p o i n t  o f  the  
I n c u b a t i o n  P e r i o d .  As has  been  shown, t h e s e  a re  by no means 
a lways c l e a r  c u t ,  and i n  my c a s e s  t h e  v e r y  f i r s t  day o f  i l l n e s s  
i s  t a k e n  as  t h e  end o f  t h e  I n c u b a t i o n  P e r i o d .
I n  a d d i t i o n  t o  the e p i d e m i o l o g i c a l  s t u d i e s  of  t h e  
I n c u b a t i o n  P e r i o d  much e x p e r i m e n t a l  work i n  a n im a l s  has been  
done.  I n  e x p e r im e n ta l  p o l i o m y e l i t i s  v a r i a t i o n  i n  t h e  I n c u b a t i o n  
P e r i o d  i s  common, depend ing  on the  an im a l  s p e c i e s ,  d o se ,  r o u t e  
o f  i n o c u l a t i o n  and  s t r a i n  of v i r u s .
Thus F a be r  and  S i l v e r b e r g  (1941) ,  i n o c u l a t i n g  r h e s u s  monkeys 
w i th  40 r e c e n t l y  i s o l a t e d  human s t r a i n s  o f  p o l i o m y e l i t i s  v i r u s  by 
v a r i o u s  p o r t a l s ,  fo u n d  t h a t  the  I n c u b a t i o n  P e r i o d  v a r i e d  from 
4 to  64 d a y s .
F i n a l l y  /
9 .
F i n a l l y  an a t t e m p t  a t  f i n d i n g  th e  I n c u b a t i o n  P e r i o d  h a s  been  
made by i s o l a t i n g  t h e  v i r u s ,  e i t h e r  i n  e x p e r i m e n t a l  p o l i o m y e l i t i s  
i n  a n im a l s ,  o r  i n  human p o l i o m y e l i t i s .  I n  a n im a l  e x p e r im e n t s  
Melnick (1946) found t h a t  v i r u s  i n t r o d u c e d  i n t o  t h e  s k i n  o f  
monkeys and ch impanzees  cou ld  be i s o l a t e d  from t h e i r  s t o o l s  
s e v e r a l  days  b e f o r e  t h e  c l i n i c a l  s i g n s  o f  t h e  d i s e a s e  a p p e a re d .
I n  human p o l i o m y e l i t i s ,  F r a n c i s  e t  a l .  (1942) r e p o r t e d  
p re su m p t iv e  e v id e n c e  o f  th e  p r e s e n c e  o f  th e  v i r u s  30 days b e f o r e  
t h e  o n s e t  o f  t h e  d i s e a s e ;  Brown e t  a l .  (1945) found v i r u s  i n  t h e  
s t o o l  19 days b e f o r e  th e  c l i n i c a l  o n s e t ,  Gear and Mundel (1946) 
i s o l a t e d  v i r u s  12 days b e f o r e  t h e  o n s e t  and Z i n t e k  (1947) cou ld  
n o t  r e c o v e r  v i r u s  from th e  t h r o a t  w ash ings  o r  s t o o l s  o f  any 
member o f  an i n f e c t e d  f a m i ly  4 days  b e f o r e  th e  o n s e t  o f  
p o l i o m y e l i t i s ,  a l t h o u g h  8 days  l a t e r  an a d d i t i o n a l  member o f  th e  
f a m i ly  deve loped  p a r a l y t i c  p o l i o m y e l i t i s  and a t  t h i s  t im e  th e  
v i r u s  was r e c o v e r e d  from e v e r y  o t h e r  member o f  t h e  f a m i ly .
By t h e s e  m ethods ,  t h e n ,  t h e  e s t i m a t i o n  o f  t h e  I n c u b a t i o n  
P e r io d  has  g iv e n  w id e ly  v a ry in g  r e s u l t s ;  t h i s  i s  e s p e c i a l l y  so 
i n  e x p e r i m e n t a l  p o l i o m y e l i t i s  and i n  t h e  work conce rned  w i th  
v i r u s  i s o l a t i o n .  I n  t h e  M alta  o u tb r e a k  o f  1950 -  51 tw e lve  o f  
t h e  51 s e r v i c e  c a s e s  were members o f  th e  n u r s i n g  s t a f f  o f  t h e  
David Bruce M i l i t a r y  H o s p i t a l .  By s t u d y i n g  t h e  c o n t a c t  h i s t o r y  
o f  7 o f  t h e s e  i t  was p o s s i b l e  t o  make an e s t i m a t i o n  o f  t h e  
I n c u b a t i o n  P e r i o d .
The c i r c u m s ta n c e s  were t h e s e :
The /
1 0 .
The f i r s t  o f  t h e  s e r v i c e  p a t i e n t s  i n  th e  o u t b r e a k  of  
p o l i o m y e l i t i s  i n  M a l ta  i n  1950 was Mrs .  W., t h e  w i f e  o f  a  Naval 
O f f i c e r ;  she  was a d m i t t e d  to  h o s p i t a l  on 1 5 t h  J u n e .  The second  
p a t i e n t ,  t h e  w i f e  of L i e u t .  D . , Royal Navy, was a d m i t t e d  on 2 4 th  
J u l y  i n  t h e  p a r a l y t i c  s t a g e  w i t h  s e v e r e  f l a c c i d  p a r a l y s i s  o f  b o t h  
l e g s  and a l e s s e r  d eg ree  o f  p a r a l y s i s  of  t h e  r i g h t  arm. She had 
been  i l l  a t  home f o r  8 days  and was f o u r  m o n th s 1 p r e g n a n t .
L i e u t .  D. was a d m i t t e d  f o u r  days  l a t e r  on 2 8 th  J u l y  co m p la in in g  
o f  s e v e r e  h e ad ach e ,  v o m i t i n g ,  f e v e r  and g e n e r a l i s e d  b o d y - p a i n s  o f  
2 d a y s 1 d u r a t i o n .  On a d m is s io n  he had no p a r a l y s i s  and h i s  
c o n d i t i o n  was t y p i c a l  o f  the  p r e p a r a l y t i c  s t a g e  o f  p o l i o m y e l i t i s .  
P a r a l y s i s  o f  a l l  l im b s  and o f  th e  main m usc les  o f  r e s p i r a t i o n  
d ev e lo ped  d u r in g  t h e  n e x t  tw e lve  h o u r s .  I n  s p i t e  o f  t r e a t m e n t  
i n  an  a r t i f i c i a l  r e s p i r a t o r  he d i e d  36 h o u r s  a f t e r  a d m is s io n  
t o  h o s p i t a l .
U n t i l  he was p u t  i n  t h e  r e s p i r a t o r  L i e u t .  L. was n u r s e d  i n  a 
s i n g l e  bedded  room m e a su r in g  15 x  10 x  14 f e e t  t h e  f l o o r s  and  
w a l l s  o f  which were o f  T a r r a z z o .  The w e a t h e r  a t  t h e  t ime was 
warm and humid; t h e  maximum and minimum t e m p e r a t u r e s  d u r i n g  th e  
l a s t  week i n  J u l y  were 94°F.  and 7 2 ° F . ,  r e s p e c t i v e l y ,  w h i l e  t h e  
h i g h e s t  r e l a t i v e  h u m id i ty  was 97$. The r a i n f a l l  was n i l .  The 
windows of t h e  room were k e p t  open and f l i e s  were e x c lu d e d  by f l y  
p r o o f  s c r e e n s .  The v e n t i l a t i o n  was a d e q u a te  and was a s s i s t e d  by 
an e l e c t r i c a l  t a b l e  f a n .  There was l i t t l e  d u s t .
The /
The p a t i e n t  was c o n s t i p a t e d  f o r  3 days b e f o r e  a d m is s io n  
and he had no bowel a c t i o n  w h i l e  i n  h o s p i t a l .  The n a s o - p h a r y n x  
was n o t  i n f l a m e d  and the  p a t i e n t  had no e x c e s s i v e  t h r o a t  o r  
month s e c r e t i o n s  e x c e p t  f o r  a b r i e f  p e r i o d  a f t e r  he was p u t  i n  
t h e  r e s p i r a t o r  when i t  was n e c e s s a r y  to  a s p i r a t e  some 
a ccu m u la te d  s a l i v a  on one o c c a s i o n  o n l y .  T h is  was done by me 
u s i n g  a r u b b e r  c a t h e t e r  and mouth s u c t i o n  t a k i n g  c a r e  t h a t  no 
a s p i r a t e d  s e c r e t i o n s  r e a c h e d  my mouth.  T h is  a c t i o n  was p r o b a b l y  
fo o l h a r d y  b u t  th e  s i t u a t i o n  f o r  th e  p a t i e n t  was d e s p e r a t e  and no 
o t h e r  means o f  s u c t i o n  was im m ed ia te ly  a v a i l a b l e ;  I  d i d  n o t  
deve lop  p o l i o m y e l i t i s .
Table I I I  shows th e  d a t e s  o f  o n s e t  o f  p o l i o m y e l i t i s  i n  
s e v e n  members of  t h e  h o s p i t a l  s t a f f .  That L i e u t .  D. was the 
s o u rc e  o f  i n f e c t i o n  i n  some o f  t h e s e  c a s e s  t h e r e  i s  l i t t l e  d o u b t .  
He was i n  h o s p i t a l  f o r  on ly  36 ho u rs  (2 8 th  -  3 0 th  J u l y ) .  The 
work o f  P a u l ,  Havens and Van Rooyen (1944) ,  i n  v i r u s  i s o l a t i o n  
e x p e r im e n t s  i n  th e  M iddle  E a s t ,  s u g g e s t e d  t h a t  t h e  amount o f  
v i r u s  p r e s e n t  i n  th e  i n t e s t i n a l  t r a c t  was g r e a t e r  i n  t h e  more 
s e v e r e ,  t h a n  i n  th e  m i l d e r  c a s e s  o f  p o l i o m y e l i t i s .  I f  t h i s  was 
so i n  L i e u t .  Dfs .  c a s e ,  t h e n  he was p r o b a b l y  a h i g h l y  i n f e c t i o u s  
c a s e .
Of h i s  a t t e n d a n t s ,  numbering t h r e e  d o c t o r s ,  s i x  n u r s i n g  
s i s t e r s  and t h r e e  o r d e r l i e s ,  seven  l a t e r  d e v e lo p ed  p o l i o m y e l i t i s ;  
t h e s e  a r e  l i s t e d  i n  t a b l e  I I I .  Case I ,  a Naval N u rs in g  S i s t e r ,  
n u r s e d  /
1 2 .
n u r s e d  two o t h e r  o a se s  o f  p o l i o m y e l i t i s ,  b o t h  beyond t h e  a o u te  
s t a g e ,  w h i le  work ing  f o r  f o u r  days  o n ly  a t  t h e  David Bruee 
M i l i t a r y  H o s p i t a l  b u t  she r e t u r n e d  t o  d u ty  a t  t h e  Royal Naval 
H o s p i t a l ,  some m i l e s  away, where t h e r e  were no c a s e s  of 
p o l i o m y e l i t i s ,  a f t e r  L i e u t .  D. d i e d .  Her c o n t a c t  w i t h  known 
c a s e s  o f  p o l i o m y e l i t i s  was t h e r e f o r e  b r i e f  an d  d i d  n o t  t a k e  p l a c e  
a f t e r  L i e u t .  D! s d e a t h .  Cases 2,  3 and  4 came i n t o  c o n t a c t  w i t h  
no o t h e r  known c ase  o f  p o l i o m y e l i t i s .
The known c o n t a c t  o f  case  5 was v e r y  s h o r t ,  o n ly  l o n g  enough 
t o  t a k e  a  sam ple  o f  b lo o d  f o r  a  d i f f e r e n t i a l  w h i t e  c e l l  c o u n t ,  a 
few hours  a f t e r  L i e u t .  D ' s .  a d m is s io n  t o  h o s p i t a l  and  b e f o r e  he 
d ev e lo p ed  s i g n s  of  p a r a l y s i s .  I n  t h i s  c o n n e c t i o n ,  t h e  work o f  
Horstmann (1952) on v i r a e m i a  i n  e x p e r i m e n t a l l y  in d u c e d  
p o l i o m y e l i t i s  i s  i n t e r e s t i n g .  She was a b le  t o  d e m o n s t r a te  
v i r a e m i a  i n  sev en  o u t  o f  t e n  cynomolgus monkeys and t h r e e  o u t  o f  
f o u r  ch impanzees  w i t h  e x p e r i m e n t a l l y  in d u c e d  p o l i o m y e l i t i s .  The 
v i r a e m i a  p e r s i s t e d  on some an im a ls  ove r  t h e  4 t h ,  5 t h  and 6 th  
days a f t e r  v i r u s  i n g e s t i o n .  The v i r u s  was n o t  i s o l a t e d  from 
b lo od  specimens c o l l e c t e d  d u r in g  th e  f i r s t  t h r e e  days a f t e r  
f e e d i n g ,  n o r  on the  7 th  day i n  t h e  two i n s t a n c e s  i n  which  i t  was 
t e s t e d ,  and th e  i n t e r v a l  be tw een  v i r a e m i a  and  t h e  a p p ea ra n c e  of 
p a r a l y s i s  v a r i e d  be tw een  t h r e e  an d  seven  days i n  t h e  cynomolgus 
monkeys. * '
Bpd ian  (1952) a l s o  d e s c r i b e d  t h e  i s o l a t i o n  o f  v i r u s  from
t h e  /
th e  b lo o d  o f  f o u r  ch im panzees  f e d  L a n s in g  ty p e  v i r u s .  I n  t h e s e  
c a s e s  a l s o  t h e  v i r u s  was i s o l a t e d  b e f o r e  t h e  o n s e t  o f  p a r a l y s i s  
i n  t h r e e  of  the  chimpanzees  which  became p a r a l y s e d  and b e f o r e  a 
r i s e  o f  a n t i b o d i e s  was d e t e c t e d .
I  t h i n k  t h a t  th e  chance  of  th e  l a b o r a t o r y  t e c h n i c i a n  
becoming i n f e c t e d  t h r o u g h  L i e u t .  Dfs .  b lo o d  i s  r e m o t e .  His 
c o n t a c t  was n e v e r t h e l e s s  b r i e f  and d u r i n g  p a r t  o f  i t ,  i . e .  w h i l e  
b lo o d  was b e in g  sucked  in to  t h e  p i p e t t e ,  no p r o t e c t i v e  mask was 
worn.
The c o n t a c t  o f  c a se s  6 an d  7 w i t h  o t h e r  c a s e s  was d i f f u s e  
and l e s s  r e l i a n c e  can be p l a c e d  on th e  t im e  o f  o n s e t  o f  t h e  
I n c u b a t i o n  P e r i o d .  These two c a s e s  were  t h e  M a l te se  t w in  s i s t e r s  
a l r e a d y  m en t io ned .  They were o f  good f a m i l y  and a r e  l i k e l y  to  
have b e en  l e s s  exposed  t o  i n f e c t i o n  w i t h  p o l i o m y e l i t i s  v i r u s ,  
t h a n  t h e  a v e rage  M a l te se  c i t i z e n ,  even  a l t h o u g h  t h e y  had n o t  
been  away f rom th e  i s l a n d  d u r in g  th e  1942- 43 e p id e m ic .
S c r u t i n y  o f  t a b l e  I I I  shows t h a t  i n  e a s e s  2 ,  3 and 4 th e  
I n c u b a t i o n  P e r i o d  was 20,  22 and 22 days r e s p e c t i v e l y ;  i t  seems 
r e a s o n a b l e  t o  assume t h a t  c a s e s  1 and  5 became i n f e c t e d  w i t h  
v i r u s  a t  t h e  same t im e ,  w h i l e  i n  c a s e s  6 and 7 t h i s  seems 
u n l i k e l y  b u t  n e v e r t h e l e s s  p o s s i b l e .  The i n s t a n c e  o f  t h e  Naval 
N urs ing  S i s t e r  ( ea se  I )  i s  most s t r i k i n g ,  s i n c e  sh e  l e f t  t h e  
M i l i t a r y  H o s p i t a l ,  where a l l  t h e  s e r v i c e  c a s e s  o f  p o l i o m y e l i t i s  
were n u r s e d ,  a f t e r  a s h o r t  exp osu re  t o  i n f e c t i o n  from a 
s e r i o u s l y  /
s e r i o u s l y  i l l  o a s e .  The I n c u b a t i o n  P e r i o d  i n  t h i s  i n s t a n c e  was 
n o t  l e s s  t h a n  18 d a y s .
As p o i n t e d  ou t  by Aycock and E a to n  (1 9 2 5 ) ,  i n  t h e i r  s t u d y  
o f  m u l t i p l e  c a s e s  i n  f a m i l i e s ,  t r u e  s e c o n d a r y  c a s e s  occu r  10 to  
18 days a f t e r  th e  p r im a r y  o n e s .  This  seems l i k e l y  to  have been  
th e  c ase  w i t h  L i e u t .  D. who became i l l  10 days a f t e r  h i s  w i f e  
s i c k e n e d .
L i e u t ,  and Mrs. DTs .  o n ly  c h i l d ,  a  g i r l  aged  s i x ,  d i d  n o t  
develop  c l i n i c a l  p o l i o m y e l i t i s  a l t h o u g h  c o n t a c t  w i t h  b o t h  h e r  
mother  and f a t h e r  was b o th  i n t i m a t e  and p r o l o n g e d .  P re su m a b ly  
t h i s  c h i l d  had a n  i n a p p a r e n t  i n f e c t i o n  o r  an immunity  t o  t h e  
v i r u s .
SUMMARY:
Since  th e  r e a l i s a t i o n  of  the  i n f e c t i o u s  n a t u r e  o f  
p o l i o m y e l i t i s  many e f f o r t s  have been  made to  work o u t  t h e  
I n c u b a t i o n  P e r i o d .  E s t i m a t e s  have v a r i e d ,  even  i n  c l e a r  c u t  
e a s e s  o f  known c o n t a c t ,  from 5 to  35 d a y s .  I n  c a s e s  presumed 
due to  m i lk - b o r n e  i n f e c t i o n ,  th e  I n c u b a t i o n  P e r i o d  has  been  
g iv e n  as  7 to  18 days and i n  c a s e s  f o l l o w i n g  t o n s i l l e c t o m y  t h e  
same f i g u r e s  have b e en  q u o te d .  E xper im en ts  i n  a n im a l s ,  and v i r u s  
i s o l a t i o n  work i n  humans, has  g iv e n  even w id e r  v a r i a t i o n s .
The c o n t a c t  h i s t o r y  o f  s e v en  c a s e s ,  a t t e n d a n t s  o f  a p a t i e n t  
w i t h  p o l i o m y e l i t i s ,  i s  r e l a t e d  and t h e  I n c u b a t i o n  P e r i o d  
c a l c u l a t e d .  /
c a l c u l a t e d .
CONCLUSIONS:
1) The I n c u b a t i o n  P e r i o d  o f  p o l i o m y e l i t i s  i s  d i f f i c u l t  t o  
e s t i m a t e .  This  i s  so f o r  v a r i o u s  r e a s o n s .
( a )  V a r i a b i l i t y  o f  ty p e  o f  o n s e t  o f  the  d i s e a s e  i t s e l f .
(*> V a r i a b i l i t y  i n  t h e  c h a r a c t e r  o f  the  d i s e a s e .
(e)  P a r a l y s i s  i s  the  e x c e p t i o n  a f t e r  i n f e c t i o n  w i t h  
p o l i o m y e l i t i s  v i r u s .
(d) I n  t h e  absence  o f  p a r a l y s i s ,  v i r u s  i s o l a t i o n  o r  o t h e r  
e x p e r i m e n t a l  p r o o f  o f  i n f e c t i o n  i s  n e c e s s a r y  f o r  
a c c u r a t e  d i a g n o s i s ;  t h i s  i s  d i f f i c u l t  and c o s t l y .
2) The I n c u b a t i o n  P e r i o d  i n  the  o u t b r e a k  o f  p o l i o m y e l i t i s  
i n  M a l ta  i n  1950 -  51 r a n g e d  f rom  10 t o  32 days  b u t  th e  p e r i o d  
10 to  23 days  i s  l i k e l y  to  be a  more a c c u r a t e  e s t i m a t i o n .
I l l *  THE MODE OF SPREAD OF POLIOMYELITIS VIRUS AND
THE RELATIONSHIP OF MINOR CONCURRENT ILLNESS TO
THE OUTBREAK
The mode o f  s p r e a d  o f  p o l i o m y e l i t i s  i s  s t i l l  t h e  s u b j e c t  o f  
h e a t e d  a rg u m e n t .  There i s  a  g r e a t  w e ig h t  o f  e v id e n c e  i n  f a v o u r  
o f  t r a n s m i s s i o n  by o r d i n a r y  human c o n t a c t  which was t h e  o r i g i n a l  
c o n c e p t i o n  o f  Wiekman (1913) and  t o  which  s t u d i e s  o f  t h e  
e x c r e t i o n  o f  v i r u s  (Howe e t  a l .  1945, P e a r s o n  e t  a l .  1945,
P e a r s o n  and  R e n d t o r f f  1945, Brown e t  a l .  1949, Casey e t  a l .  1950) 
have g i v e n  c o n f i r m a t i o n .  The work o f  C a v e r ly  (1924) ,  Casey 
e t  a l .  (1945) ,  M cFar lan  e t  a l .  (1946) and  Sweetnam 1948 
a l s o  su p p o r t s  t h i s  c o n c e p t .  F u r t h e r ,  i n  a  d e t a i l e d  i n v e s t i g a t i o n  
o f  p o l i o m y e l i t i s  i n  South  A u s t r a l i a ,  S o u t h c o t t  and Crosby (1949) 
were a b l e  t o  e l i m i n a t e  t r a n s m i s s i o n  by  a n im a l ,  b i r d ,  o r  i n s e c t  
v i c t o r s ,  and a l l  b u t  e n t e r i c  and c o n t a c t  r o u t e s  o f  t r a n s m i s s i o n ,  
from t h e i r  c o n s i d e r a t i o n s .  In  t h e  n o r t h e r n  h em isphe re  n e a r  th e  
A r c t i c  c i r c l e  c o n t a c t  w i th  h e a l t h y  c a r r i e r s  was th o u g h t  t o  be th e  
main mode of s p r e a d  i n  an o u t b r e a k  i n  t h e  C h e s t e r f i e l d  a r e a  o f  
Hudson Bay (Moody and  Adamson 1 9 4 9 ) .
I n  an epidemic  i n  L i n c o l n s h i r e  i n  1950, C la rke  (1 9 5 1 ) ,  
because  of  the  o c c u r re n c e  o f  m u l t i p l e  c a s e s  i n  h o u s e h o ld s ,  t h e  
s p r e a d  o f  i n f e c t i o n  a lo n g  bus r o u t e s  and f r e q u e n t  h i s t o r y  o f  
p r e v i o u s  c o n t a c t  w i t h  a n  i n f e c t i o u s  e a se ,  was o f  t h e  o p i n i o n  t h a t  
the  o u tb r e a k  was t r a n s m i t t e d  by p e r s o n a l  c o n t a c t .
Spence (1949) o b se rv e d  an o u t b r e a k  o f  p o l i o m y e l i t i s  i n  
E c c l e s  /
E c c le s  i n  1947.  He fo u n d  e v id e n c e  o f  c a r r i e r  t o  c ase  c o n t a c t  
be tw een  a b o r t i v e  and f r a n k  c a s e s  and  he c o n c lu d e d  t h a t  human 
c o n t a c t  p l a y e d  th e  m a jo r  r o l e  i n  t h e  s p r e a d  o f  t h e  i n f e c t i o n .
In  a d d i t i o n ,  he t h o u g h t  t h a t  t h e r e  were  s e v e r a l  f a c t o r s  which  
seemed t o  f a v o u r  d r o p l e t  s p r e a d .
I n  many o t h e r  d i s e a s e s  e v id e n c e  o f  t h i s  o r d e r  h a s  been  
a c c e p t e d  a s  c o n c l u s i v e  p r o o f  i f  i t s  v a l i d i t y ,  y e t  t h e r e  have been  
many o b j e c t i o n s  to  i t  i n  r e l a t i o n  t o  p o l i o m y e l i t i s .  The b a s i s  o f  
t h e s e  o b j e c t i o n s  has  b e e n  th e  f a c t  t h a t  t h e  s e a s o n a l  i n c i d e n c e  o f  
p o l i o m y e l i t i s  i s  the  o p p o s i t e  to  t h a t  o f  the  c o n t a c t  d i s e a s e s  
as  a g r o u p .
iy c o c k ,  Lutman and F o le y  (1945) ,  however ,  th o u g h t  t h a t  
a l t h o u g h  th e  s e a s o n a l  curve  o f  p o l i o m y e l i t i s  was t h e  e x a c t  
o p p o s i t e  o f  th e  u p p e r  r e s p i r a t o r y  c o n t a c t  g ro u p ,  t h i s  f a c t  i n  
i t s e l f  was enough to  s u g g e s t  t h a t  i t  was n o t  due to  t h e  
o p e r a t i o n  o f  a d i f f e r e n t  and  u n r e l a t e d  mode o f  s p r e a d ,  b u t  t o  
th e  o p e r a t i o n ,  i n  r e v e r s e d  o r d e r ,  o f  t h e  same mechanism which  
d e te rm in e d  the  s e a s o n a l  cu rv e  of  t h e  group  o f  u p pe r  r e s p i r a t o r y  
d i s e a s e s  i n  g e n e r a l .
In  a s t u d y  o f  a w id e s p r e a d  o u tb r e a k  o f  p o l i o m y e l i t i s  i n  
Kansas i n  1946, F enner  and  Tanner (1948) fo u n d  e v id e n c e  f o r  a 
s im u l t a n e o u s  s e e d i n g  of  v i r u s  th ro u g h o u t  i n f e c t e d  f a m i l i e s ,  
which  s u g g e s t e d  a  common v e h i c l e  r a t h e r  t h a n  a p e r s o n .  T h is  
c o u ld  be l i n k e d  w i t h  Bowerf s b e l i e f  ( d e s c r i b e d  b e lo w ) .  The 
s p r e a d  /
s p r e a d  o f  i n f e c t i o n  "by means o f  m i l k  has a l r e a d y  b e en  m en t io n ed ,  
and  w a te rb o rn e  s p r e a d  i s  n o t  a l i k e l y  one i n  c i v i l i s e d  c o u n t r i e s ,  
a l t h o u g h  H a rg re a v e s  (1950) d e s c r i b e d  an  o u t b r e a k  of p o l i o m y e l i t i s  
i n  Cornwall  i n  which t h e r e  were 20 c a s e s  i n  th e  c i t y  o f  T ru ro .
In  t h i s  o u t b r e a k  t h e  h ig h  age g roup  o f  t h e  p a t i e n t s ,  t h e i r  
s p o r a d i c  d i s t r i b u t i o n  i n  t h e  c i t y ,  t h e  l a c k  o f  h i s t o r y  o f  
c o n t a c t  be tw een  the c a s e s  and -&he su dden  c e s s a t i o n  o f  th e  
o u t b r e a k  a f t e r  s u p e r c h l o r i n a t i o n  o f  a c o n ta m in a te d  w a t e r  su p p ly  
s u g g e s t e d  w a t e r  d i s s e m i n a t i o n  of  th e  v i r u s .
Maxey (1949) however s t a t e d  t h a t  a l t h o u g h  a l a r g e  number o f  
e p id e m i o l o g ic a l  s t u d i e s  o f  p o l i o m y e l i t i s  have b e e n  made d u r i n g  
th e  p a s t  h a l f  c e n t u r y ,  up to  t h e  p r e s e n t  no c o n v in c in g  e v id e n c e  
has been p r e s e n t e d  t h a t  p o l l u t i o n  o f  a community w a t e r  s u p p ly  was 
r e s p o n s i b l e  f o r  i n d i r e c t  o r  w id e s p r e a d  exp osu re  o f  consumers to  
i n f e c t i o n  w i t h  v i r u s .
The r o l e  o f  f l i e s  i n  th e  d i s s e m i n a t i o n  of  p o l i o m y e l i t i s  
v i r u s  must  be c o n s i d e r e d  i n  t h i s  d i s c u s s i o n .  As Sab in  (1951) 
s a y s ,  " t h e  p rob lem  as  r e g a r d s  th e  r o l e  o f  f l i e s  i n  
p o l i o m y e l i t i s  i s  n o t  w h e th e r  o r  no t  th e  i n f e c t i o n  can  be 
t r a n s m i t t e d  w i t h o u t  them, and  n o t  w h e th e r  o r  n o t  o u tb r e a k s  can  
o c cu r  w i th o u t  them, because  i t  i s  e s t a b l i s h e d ,  a s  i n  th e  ease  
o f  d y s e n t e r y ,  t h a t  f l i e s  a r e  n o t  n e c e s s a r y  to a cc o u n t  f o r  
e i t h e r ” . F l i e s  were r e p o r t e d  by T rask  e t  a l • (1943) to  be 
capab le  o f  t r a n s m i t t i n g  t h e  v i r u s  m e c h a n i c a l ly ,  and Ward e t  a l .  
(1945) /
(1945) o b se rv e d  t h a t  f l i e s  c o u ld  d e p o s i t  s u f f i c i e n t  v i r u s  on
fo o d  t o  p roduce  a c a r r i e r  s t a t e  i n  ch im panzees ;  and  t h a t  fo o d
exposed  to  f l i e s  i n  an ep idem ic  a r e a  was c o n ta m in a te d  w i t h
enough v i r u s  t o  p roduce  i n f e c t i o n  i n  ch im panzees  who a t e  i t .
This  i n d i c a t e s  th e  p o t e n t i a l  danger  t o  humans o f  f o o d  and d r i n k
c o n t a m i n a t i o n .  C l e a r l y ,  f l i e s  a r e  n o t  n e c e s s a r y  f o r  t h e  s p r e a d
o f  t h e  d y s e n t e r i c  d i s e a s e s  o r  p o l i o m y e l i t i s ,  b u t  t h i s  does  no t
mean t o  say  t h a t  f l i e s  a r e  u n im p o r ta n t  u n de r  c e r t a i n  c i rcu m -
j s t a n c e s ,  a t  c e r t a i n  p l a c e s  and  a t  c e r t a i n  t im e s  o f  t h e  y e a r ,  i n
th e  d i s s e m i n a t i o n  of  p o l i o m y e l i t i s  v i r u s .  Sab in  (1947) s t u d i e d
th e  f i r s t  l a r g e  ep idem ic  of  p o l i o m y e l i t i s  i n  B e r l i n :  b e c a u se  o f
an unex pec ted  o u tb r e a k  o f  m a l a r i a  t h e  p r e c e d i n g  y e a r ,  i t  so
happened t h a t  j u s t  b e f o r e  t h e  b e g in n i n g  o f  th e  1947
p o l i o m y e l i t i s  ep id em ic  was s u s p e c t e d ,  somewhat more t h a n  h a l f
o f  t h e  c i t y  was s p r a y e d  w i t h  D.D.T. from t h e  a i r  and from t h e
g ro u n d ,  and the  r e m a in d e r  was n o t  so t r e a t e d  b e c a u se  t h e
R u ss ia n  a u t h o r i t i e s  r e f u s e d  to  c a r r y  o u t  such  p r e v e n t i v e
m ea su re s .  Two months a f t e r  the  s i n g l e  s p r a y i n g  o f  D.D.T. t h e
p o l i o m y e l i t i s  a t t a c k  r a t e  was tw ic e  as  h i g h  i n  th e  u n t r e a t e d
R u ss ian  s e c t o r  a s  i n  th e  r e m a in d e r  o f  B e r l i n ,  i . e .  65 p e r  100 ,000
as  compared w i t h  32 p e r  1 0 0 ,0 0 0 .  I n  S a b i n 1s o p i n io n  th e  f i l t h
f l y  must be r e g a r d e d  i n  t h e  same l i g h t  a s  the  human c a r r i e r
d u r in g  p o l i o m y e l i t i s  e p id e m ic s ,  and t h a t  w h e th e r  o r  n o t  f l i e s ,
by s e r v i n g  as a d d i t i o n a l  non-human c a r r i e r s ,  may p l a y  an 
im p o r ta n t  /
2 0 .
i m p o r t a n t  r o l e  i n  th e  i n i t i a t i o n  o f  an  e p id e m ic ,  the  l a r g e  
number of human c a r r i e r s ,  who have become se ed e d  w i t h  v i r u s  by 
th e  t ime a l a r g e  u r b a n  ep idem ic  has  r e a c h e d  i t s  p e a k ,  i s  
u n q u e s t i o n a b l y  i t s e l f  c a p a b le  o f  m a i n t a i n i n g  d i s s e m i n a t i o n  on a 
l a r g e  s c a l e .
The i n c id e n c e  of t h e  d y s e n t e r i c  i n f e c t i o n s  i s  f a v o u r e d  by 
c o n d i t i o n s  of warmth; i . e .  i t  i s  h i g h e r  i n  t r o p i c a l  and  
s u b t r o p i c a l  t h a n  i n  t e m p e ra te  and  c o ld  c l i m a t e s  and  i n  t h e  l a t t e r  
i t  i s  h ig h e r  d u r i n g  th e  warmer s e a s o n s  t h a n  d u r in g  th e  c o l d e r .  
C o nd i t ion s  of  warmth a l s o  f a v o u r  th e  g row th  o f  t h e  f l y  p o p u l a t i o n .  
C onverse ly  the  i n c i d e n c e  of upp e r  r e s p i r a t o r y  i n f e c t i o n s ,  which 
a re  s p r e a d  m a in ly  by d r o p l e t s ,  i s  h i g h e r  i n  c o o l e r  t h a n  i n  warmer 
c l i m a t e s .  P o l i o m y e l i t i s  i n  t e m p era te  c l i m a t e s  o c c u r s  
c h a r a c t e r i s t i c a l l y  i n  t h e  summer and autumn, when c o n d i t i o n s  a r e  
l e a s t  f a v o u r a b l e  f o r  th e  s p r e a d  o f  d i s e a s e  by d r o p l e t s ,  and 
c e r t a i n l y  most f a v o u r a b l e  f o r  t h e  s p r e a d  by f a e c a l  c o n t a m i n a t i o n .
The main f a c t o r s  which make d y s e n t e r i c  i n f e c t i o n s  more 
common i n  summer a re  t h e s e :
1) I n c r e a s e  i n  the  f l y  p o p u l a t i o n .
2) G r e a t e r  o p p o r t u n i t y  f o r  f a e c a l  c o n ta m i n a t i o n  o f  th e
f i n g e r s  because  of  f e w e r  c l o t h e s  worn by a d u l t s  and 
c h i l d r e n .
3) Food and  d r i n k  i s  more f r e q u e n t l y  exposed  to  t h e  open
and hence t o  f l i e s .
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One cann o t  i g n o r e  t h e  r o l e  which  may "be p l a y e d  by f l i e s  i n  th e  
s p r e a d  o f  p o l i o m y e l i t i s  v i r u s  i n  c e r t a i n  c i r c u m s ta n c e s  o f  
e l i m a t e ,  h y g ien e  and t im e .
The e a r l y  e x p e r i m e n t a l  work on th e  t r a n s m i s s i o n  o f  t h e  v i r u s  
i n  r h e s u s  monkeys l e d  to  t h e  c o n c l u s i o n  t h a t  v i r u s  was t r a n s ­
m i t t e d  by  d r o p l e t  i n f e c t i o n  and t h a t  a c c e s s  t o  t h e  c e n t r a l  
n e rv o u s  sy s te m  was g a in e d  t h r o u g h  t h e  o l f a e t o r y  b u l b s .  When 
however i t  was shown t h a t  th e  o l f a e t o r y  b u l b s  were n o t  a f f e c t e d  
i n  human b e i n g s  i t  was assumed, by some, t h a t  t h e  r e s p i r a t o r y  
and n a s a l  mucosa and  t h e  n a so -p h a ry n x  s e r v e d  a s  t h e  s i t e s  o f  
e n t r y ,  m u l t i p l i c a t i o n  and e x i t  o f  th e  v i r u s ;  and many 
e p i d e m i o l o g i s t s  have s t u c k  to  t h e  i d e a  t h a t  th e  h y p o t h e s i s  o f  
r e s p i r a t o r y  t r a n s m i s s i o n  b e s t  e x p l a i n s  t h e  p a t t e r n  o f  s p r e a d  of  
p o l i o m y e l i t i s  {Anderson 1 9 4 7 ) .  Modern s t u d i e s  have ,  however , 
e f f e c t i v e l y  r u l e d  o u t  th e  o l f a e t o r y  mucosa a s  a  p o r t a l  o f  e n t r y  
o f  th e  v i r u s  by t h e  d e m o n s t r a t i o n  t h a t  t h e  o l f a c t o r y  b u lb s  i n  
f a t a l  human c a s e s  do n o t  show t h e  c h a r a c t e r i s t i c  l e s i o n s  (S ab in  
1940, Howe and B od ian  1941) o r  c o n t a i n  v i r u s  (S ab in  and Ward 
1941) ;  n o r  i s  t h e r e  e v id e n c e  t h a t  v i r u s  p r o l i f e r a t e s  i n  t h e  
o l f a c t o r y  mucosa (S ab in  and Ward 1 9 4 1 ) .
What a r e  the  f a c t s  r e g a r d i n g  th e  s o u r c e s  o f  p o l i o m y e l i t i s  
v i r u s  and  t h e  p o t e n t i a l  r o u t e s  by w h ich  i n f e c t i o n  c an  be t r a n s ­
m i t t e d ?  Sab in  (1949b) i n  h i s  a n a l y s i s  o f  r e c e n t  p u b l i c a t i o n s ,  
i n d i c a t e d  t h a t  the  a l i m e n t a r y  t r a c t  was t h e  one sy s te m  o u t s i d e  
th e  /
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t h e  C .N .3.  i n  which v i r u s  was r e g u l a r l y  f o u n d ,  and  th e  same 
a u t h o r  i n  h i s  B e la - S c h ic k  L e c tu r e  (1944) showed t h a t  s t u d i e s  on 
f a t a l  c a s e s  i n d i c a t e d  t h a t  i n  any one p a t i e n t  th e  v i r u s  may o r  
may n o t  he  fo u n d  i n  t h e  washed t i s s u e s  of th e  o roph aryn x  
a l t h o u g h  i t  was i n v a r i a b l y  found  a t  one or  o t h e r  l e v e l  of  t h e  
a l i m e n t a r y  t r a c t .  F u r th e r m o r e ,  i t  i s  now w e l l  e s t a b l i s h e d  
(Schabe l  e t  a l .  1950, Brown e t  a l .  1949) t h a t  v i r u s  can  be 
d e t e c t e d  i n  t h e  s t o o l s  i n  70 to  90 p e r  c e n t ,  o f  c a s e s  d u r in g  t h e  
f i r s t  week of  i l l n e s s  and i n  a b o u t  50 p e r  c e n t ,  i n  t h e  3 r d  and 
4 t h  weeks a f t e r  o n s e t .  This  can be done n o t  o n ly  i n  f r a n k  c a s e s  
o f  p o l i o m y e l i t i s ,  b u t  a l s o  i n  c h i l d r e n  w i t h  a s u b - c l i n i c a l  or  
m inor  i l l n e s s  ty p e  o f  i n f e c t i o n .  Moreover ,  Sab in  (1 95 1 ) ,  i n  h i s  
" A n a ly s i s  o f  d i f f e r i n g  i n t e r p r e t a t i o n s  and c o n c e p ts  i n  t h e  
t r a n s m i s s i o n  of  p o l i o m y e l i t i s  v i r u s "  c o n c lu d e d  t h a t  t h e  a v a i l a b l e  
ev idence  i n d i c a t e d  t h a t  t h e  v i r u s ,  which  i s  o c c a s i o n a l l y  found  i n  
th e  t h r o a t  o f  p a t i e n t s  and  h e a l t h y  c a r r i e r s ,  d i d  n o t  o r d i n a r i l y  
r e a c h  the  o u t e r  env ironm en t  by d r o p l e t s  from t h e  mouth o r  n o s e .
The f a c t  t h a t  p o l i o m y e l i t i s  v i r u s  c a n  be r e c o v e r e d  from th e  
*
t h r o a t  i n  n e a r l y  50 p e r  c e n t ,  o f  p a t i e n t s  w i t h i n  3 - 5  days  o f
the  a c u te  o n s e t  of  the  d i s e a s e  (Howe, B od ian  and t e n n e r  1945;
t e n n e r  and Tanner ,  1948; P e a r s o n  and Brown 1947) does n o t
n e c e s s a r i l y  mean t h a t  t h e  t h r o a t  and  mouth a re  t h e  main  p o r t a l s
o f  e x i t  o r  t h a t  r e s p i r a t o r y  s p r e a d  i s  common. An a n a lo gy  w i t h
ty p h o id  f e v e r  i s  h e re  drawn: t y p h o i d  b a c i l l i  have be en  r e p o r t e d
to  /
to  be p r e s e n t  i n  t h e  months o f  a p p r o x im a te ly  50 p e r  c e n t ,  of  
t y p h o i d  p a t i e n t s  by P u r j e s z  and P e r l  (1912) and  by Gould and 
Q u a l l s  (1912) y e t  no one w i l l  deny t h a t  th e  r o u t e  o f  i n f e c t i o n  
i n  t h i s  d i s e a s e  i s  a l i m e n t a r y .
In  t h e  e n t i r e  l i t e r a t u r e  o f  p o l i o m y e l i t i s  t h e r e  i s  o n l y  a 
s i n g l e  r e p o r t ,  made by F l e x n e r  and Amoss (1919) i n  which  t h e  
v i r u s  was s a i d  to  have b e en  r e c o v e r e d  from th e  n a s a l  mucosa o f  
one o f  t h r e e  f a t a l  e a s e s  t e s t e d .  Bor w i th  a l l  th e  p o s s i b i l i t i e s  
f o r  a s p i r a t i o n ,  has  t h e  v i r u s  been  d e m o n s t r a t e d  u n e q u i v o c a l l y  
from th e  t r a c h e a  o r  lu n g s  (S a b in  and  Ward 1941, S a b in  1 9 4 4 ) .
The v iew  o f  th e  r e l a t i v e  un im po r tan ce  o f  t h e  r e s p i r a t o r y  
h y p o t h e s i s  i n  t h e  s p r e a d  o f  p o l i o m y e l i t i s  i s  s u p p o r t e d  by Bower 
(1950) who r e p o r t e d  t h a t  d u r in g  f o u r  y e a r s  when 6 ,000  p a t i e n t s  
were t r e a t e d  i n  Los Angeles  Oounty H o s p i t a l ,  d o c t o r s ,  n u r s e s  and 
a t t e n d a n t s  d i d  no t  w ear  masks u n l e s s  t h e y  th e m s e lv e s  had a  c o ld  
( th e  mask was worn o n ly  f o r  t h e  p a t i e n t Ts p r o t e c t i o n )  and none 
c o n t r a c t e d  the  d i s e a s e .  Had d r o p l e t  i n f e c t i o n  been  th e  main 
mode of  s p r e a d  o f  the v i r u s  one would have e x p e c te d  some se c o n d -  
: a ry  c a s e s  to  have a r i s e n  i n  t h e  s t a f f  i n  so l a r g e  a s e r i e s  o f  
p a t i e n t s  a d m i t t e d  i n  t h e  a c u t e  phase  o f  t h e  d i s e a s e .  In  f a c t ,  
Bower b e l i e v e s  t h a t  the  main method by which t h e  d i s e a s e  i s  
s p r e a d  i s  by e o n t a c t  w i th  o b j e c t s  which  a r e  c o n ta m in a te d  th r o u g h  
h av ing  been  h an d le d  and i n f e c t e d  by c a r r i e r s  o r  p a t i e n t s .
P resum ably  Bower meant i n f e c t e d  w i th  v i r u s  d e r i v e d  from 
f a e c e s  /
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f a e c e s  b u t  o b j e c t s  cou ld  j u s t  a s  r e a d i l y  have been  c o n ta m in a te d  
by o r a l  o r  p h a ry n g e a l  s e c r e t i o n s *
There a r e ,  t h e n ,  t h r e e  m ain  v iew s on th e  mode of s p r e a d  of 
p o l i o m y e l i t i s  v i r u s .  These a r e : -
R e s p i r a t o r y  -  ( d r o p l e t s ) .
A lim e n ta ry  -  ( i n t e s t i n a l  -  o r a l  c i r c u i t ) .
A lim e n ta ry  p lu s  th e  n o n - b i t i n g  f l i e s .
N e i th e r  th e  r e s p i r a t o r y  n o r  th e  a l im e n ta r y  h y p o th e s e s  
a t te m p t  to  a c c o u n t  f o r  th e  f a c t  t h a t  90 p e r  c e n t ,  o f  t h e  c a se s  
and most o f t h e  e p id em ics  o c c u r  d u r in g  th e  l a t e  summer and  
autumn, e x ce p t  f o r  the  a ssu m p tio n  t h a t  th e  ho t w e a th e r  makes th e  
i n d iv i d u a l  more p rone  to  have th e  p a r a l y t i c  form o f  th e  d i s e a s e .  
The a l im e n ta r y  p lu s  t h e  n o n - b i t i n g  f l i e s  h y p o th e s is  r e g a r d s  the  
p redom inance  of th e  d i s e a s e  d u r in g  th e  l a t e  summer and  e a r l y  
autumn a s  b e in g  due to  g r e a t e r  d i s s e m in a t io n  o f  v i r u s  by f l i e s  
c o n ta m in a te d  w i th  i n f e c t e d  human f a e c e s .  A ccord ing  to  t h i s  v iew , 
sm a ll  o u tb re a k s  can  o c c u r  i n  th e  a b sen c e  o f  f l i e s ,  and  ep id em ics  
can  c o n t in u e ,  a t  l e a s t  f o r  a t im e ,  a f t e r  t h e  a d v e n t  o f  th e  c o ld  
w e a th e r  has caused  th e  f l i e s  to  d i s a p p e a r ,  b ecau se  o f  th e  l a r g e  
number o f human c a r r i e r s  t h a t  a re  e s t a b l i s h e d  by th e  i n i t i a l  
w id e sp re a d  d i s s e m in a t io n  o f  v i r u s .
I t  i s  o f  fu n d a m e n ta l  im portance  to  e s t a b l i s h  th e  mode o f  
sp re a d  o f  p o l i o m y e l i t i s  v i r u s  i f  th e  c o r r e c t  m easures  o f  
p r e v e n t io n  of t h e  d i s e a s e  a r e  to  be fo r m u la te d .
The /
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The e l im a te  of M a lta  i s  s u b t r o p i c a l  w i th  an av e rag e  a n n u a l  
r a i n f a l l  o f  20 i n c h e s ;  th e  b u lk  of t h e  r a i n  f a l l s  b e tw een  
Septem ber and M arch. The summers a re  h o t  and  a lm o s t  r a i n l e s s  
w i th  a h ig h  r e l a t i v e  h u m id ity  i n  th e  m onths o f  J u l y ,  August 
and Sep tem ber.
The 1950 o u tb r e a k  o f  p o l i o m y e l i t i s  b egan  i n  May, was a t  i t s  
h e ig h t  i n  August and  S ep tem ber, and t a i l e d  o f f  t h e r e a f t e r  to  end 
i n  F e b ru a ry ,  1951 . Most of th e  c a s e s ,  t h e n ,  o c c u r r e d  d u r in g  th e  
ho t  months of th e  y e a r  when th e  c o n d i t i o n s  f o r  t r a n s m i s s io n  by 
f a e c a l  c o n ta m in a t io n  o f  fo o d , d r i n k  o r  hands were most f a v o u r a b l e ,  
and t r a n s m i s s io n  by d r o p l e t s  l e a s t  f a v o u r a b l e .  The summer o f  
1950 was u n u s u a l ly  h o t  and i t  was my im p r e s s io n  t h a t  f l i e s ,  
a lw ays abundan t i n  summer, were even  more so th a n  d u r in g  th e  
p r e v io u s  o r  th e  f o l lo w in g  summers.
The in c id e n c e  o f  g a s t r o - i n t e s t i n a l  i n f e c t i o n s  ( d i a r r h o e a ,  
g a s t r o - e n t e r i t i s  and  b a c i l l a r y  d y s e n te r y )  i n  1950 was a p p r e c i a b ly  
g r e a t e r  among se rv ic e m e n  th a n  d u r in g  th e  p r e v io u s  summer when 
t h e r e  were no c a s e s  o f  p o l i o m y e l i t i s  i n  M a l ta .
F ig u re  I  shows th e  w eekly  a d m iss io n s  to  h o s p i t a l s  (Naval and 
M i l i t a r y )  o f :
1) O a s t r o - i n t e s t i n a l  I n f e c t i o n s .
2) S h o r t  te rm  f e v e r s .
3) Upper r e s p i r a t o r y  i n f e c t i o n s  ( T o n s i l l i t i s ,  P h a r y n g i t i s
and common c o ld s )  and
4) P o l i o m y e l i t i s .
The /
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The number o f  g a s t r o - i n t e s t i n a l  i n f e c t i o n s  a d m i t te d  shows 
an i r r e g u l a r  r i s e  to  i t s  peak  i n  O c to b e r ;  th e  sa d d en  f a l l  
c o in c id e d  w i th  th e  o n s e t  o f  t h e  c o o le r  wet w e a th e r  and  th e  f a l l  
i n  th e  numbers o f  f l i e s *  T his i s  what one w ould  e x p e c t  to  
happen i n  a c o u n try  w i th  th e  k in d  o f  hy g ien e  and c l im a te  o f  
M alta*
Can th e  r e s p i r a t o r y  h y p o th e s i s  be invo ked  to  e x p l a i n  the  
t r a n s m i s s io n  of p o l i o m y e l i t i s  v i r u s  i n  th e  M a lta  o u tb r e a k  o f  
1950? F ig u re  I  shows a r i s i n g  number o f  u p p e r  r e s p i r a t o r y  
i n f e c t i o n s  from June t o  a p eak  i n  August 1950; t h e r e a f t e r  th e  
number o f  c a s e s  f a l l s  t o  r e a c h  a lo w e r  l e v e l  i n  l a t e  Sep tem ber. 
The M i l i t a r y  and Naval r e c o r d s  in  M a lta  show t h a t  u p p e r  
r e s p i r a t o r y  i n f e c t i o n s  were commoner by one t h i r d  i n  t h e  summer 
o f  1950 th a n  i n  th e  p r e v io u s  summer, when t h e r e  was no 
p o l io m y e l i t i s *  I t  seems p ro b a b le  t h a t  some o f  th e  c a s e s  
d iag n o sed  as  one o r  o t h e r  o f  th e  u p p e r  r e s p i r a t o r y  i n f e c t i o n s  
v/ere in  f a c t  u n s u s p e c te d  a b o r t i v e  p o l i o m y e l i t i s ,  and i t  may be 
a rg u e d  t h a t  s u c h  c a s e s  were l i k e l y  to  s p r e a d  p o l i o m y e l i t i s  v i r u s  
by d r o p l e t s .  A l a r g e  o u tb re a k  o f  m e a s le s ,  one of th e  d i s e a s e s  
i n  w hich  t r a n s m i s s io n  by d r o p l e t s  and d r o p l e t  n u c l e i  i s  n o t  
d i s p u te d ,  began  in  F e b ru a ry  1951 when th e  p o l i o m y e l i t i s  o u tb r e a k  
had ended .
The peak of th e  a d m iss io n s  of u p per  r e s p i r a t o r y  i n f e c t i o n s  
o c c u r r e d  th r e e  weeks b e f o r e  th e  p eak  o f  p o l i o m y e l i t i s .  T h is ,
i  /
I  t h i n k ,  could, be i n t e r p r e t e d ,  a s  showing t h a t  many o f  t h e  c a s e s  
o f  up p e r  r e s p i r a t o r y  i n f e c t i o n  were in  f a c t  a b o r t i v e  
p o l i o m y e l i t i s ,  i . e  a c a r r i e r  wave p r e c e d in g  th e  m ain  
p o l i o m y e l i t i s  wave, and a l s o  t h a t  th e  mode o f  s p r e a d  i n  th e  
e a r l y  weeks o f  th e  ep idem ic  may have b een  by d r o p l e t  i n f e c t i o n .  
T h is  c a r r i e r  wave p r e c e d in g  th e  main wave, was s u g g e s te d  by 
M cFarlan  e t  a l . (1946) to  e x p la in  th e  mode o f  s p re a d  i n  th e  
M a u r i t iu s  o u tb re a k  o f  1945 .
Only s i x  o f  my c a s e s  c o m p la in ed  of s o r e  t h r o a t  a t  t h e  o n s e t  
and on ly  t h r e e  had c o ry z a .  I  do n o t  know how many had  had  u p p e r  
r e s p i r a t o r y  i n f e c t i o n  p r e c e d in g  the  o n s e t  o f  r e c o g n i s a b le  
p o l i o m y e l i t i s .
I n g a l l s  and  Aycoek (1951) s t u d i e d  th e  u n p u b l is h e d  r e c o r d s  
o f  an  o u tb re a k  o f  p o l i o m y e l i t i s  i n  a b o y s 1 s c h o o l  in  1936 where 
t h e r e  was a p re c e d in g  o u tb re a k  o f  up p e r  r e s p i r a t o r y  i n f e c t i o n .  
D uring  th e  p e r i o d  1 s t  t o  2 0 th  May 1936, 41 p e r  c e n t ,  o f  boys who 
l a t e r  d e v e lo p ed  p o l i o m y e l i t i s  had upp er  r e s p i r a t o r y  i n f e c t i o n  
w h i le  o n ly  19 p e r  c e n t ,  o f  th e  o t h e r s  i n  the  s c h o o l  had  su c h  an 
i l l n e s s .  They co n c lu d ed  t h a t  th e s e  d i s t r i b u t i o n s  c a r r i e d  a 
d e f i n i t e  i m p l i c a t i o n  t h a t  upper r e s p i r a t o r y  i n f e c t i o n  was one o f  
m u l t i p le  f a c t o r s  in  t h e  d e te r m in a t io n  o f  th e  d i s e a s e .  These 
f a c t s ,  and t h e  c o n c lu s io n s  drawn from  them, s u p p o r t  th e  
r e s p i r a t o r y  h y p o th e s is  i n  th e  s p re a d  o f  p o l i o m y e l i t i s  v i r u s .
The mode o f  s p r e a d  of th e  v i r u s  in  th e  s e v e n  members o f  t h e  
h o s p i t a l  /
h o s p i t a l  s t a f f  ( t a b l e  I I I )  who w ere  i n  c o n ta c t  w i th  known c a s e s  
i s  d i f f i c u l t  t o  d e te r m in e .  The s t a f f  wore gowns and m asks, b u t  
n o t  g lo v e s ,  w h i le  in  th e  p o l i o m y e l i t i s  w a rd s .  They were 
im p re ss e d  w i th  t h e  im p o rtan ce  o f  w ash ing  th e  hands and  ta k in g  
a l l  p r e c a u t i o n s  n e c e s s a r y  to  l i m i t  t h e  s p r e a d  o f  th e  a l im e n ta r y  
i n f e c t i o n s .  I  do n o t  t h in k  t h a t  th e  p r e c a u t i o n s  w h ich  were 
recommended were i n a d e q u a t e ,  n o r  i s  t h e r e  r e a s o n  to  supp ose  t h a t  
i n s u f f i c i e n t  heed was t a k e n  o f  them . Was t h e r e ,  t h e n ,  a heavy 
c o n ta m in a t io n  o f  th e  f o m i t e s ,  the  p a t i e n t s ,  o r  th e  w ards by v i r u s  
d e r iv e d  from e i t h e r  f a e c e s  o r  from  o ro -p h a ry n g e a l  s e c r e t i o n s ?  
L i e u t .  D. had no bowel a c t i o n  w h i le  i n  h o s p i t a l  n o r  was he 
e x p e l l i n g  v i r u s  from  t h e  o ro -p h a ry n x ,  i n  any obv ious  way. I f  i t  
i s  assumed t h a t  he was the  so u rc e  of i n f e c t i o n  o f  s e v e r a l  c a s e s ,  
th e n  v i r u s  must have come from  e i t h e r  f a e c a l  c o n ta m in a t io n  o r  
from  d r o p l e t s  o r  d r o p l e t  n u c l e i .  I  t h in k  t h a t  th e  fo rm e r  i s  th e  
l i k e l y  mode o f  s p r e a d  because  m inim al c o n ta m in a t io n  o f  th e  
f i n g e r s  o r  hands i s  e a s i l y  a c q u i r e d ,  e s p e c i a l l y  by n u r s in g  
a t t e n d a n t s ,  and such  c o n ta m in a t io n  i s  a l l  t h a t  i s  r e q u i r e d  to  
s e t  up i n f e c t i o n  i n  a non-immune i n d i v i d u a l .
SUMMARY:
The mode o f  s p r e a d  of p o l i o m y e l i t i s  i s  n o t  c l e a r ly 'k n o w n .
The main h y p o th e se s  a r e  c o n ce rn ed  w i t h  d r o p l e t  i n f e c t i o n ,  th e  
i n t e s t i n a l  o r a l  c i r c u i t  and th e  r o l e  of f l i e s  i n  c p n ^ u n c t io n  
w i th  /
w i th  f a e c a l  c o n ta m in a t io n .  The im p o r ta n c e  of e s t a b l i s h i n g  th e  
mode of s p re a d  i s  s t r e s s e d .  The c i r c u m s ta n c e s  o f  th e  s p r e a d  of 
v i r u s  in  th e  o u tb re a k  o f  p o l i o m y e l i t i s  i n  M a lta  i n  1950 -  51 
a r e  d i s c u s s e d .
CONCLUSIONS:
1) The p r e c i s e  manner i n  w hich  v i r u s  i s  t r a n s f e r r e d  from  
one p e r s o n  to  a n o th e r  i s  n o t  c l e a r .
2) C o n ta c t ,  d i r e c t  o r  i n d i r e c t ,  w i t h -"a c ase  o r  c a r r i e r  
i s  e s s e n t i a l  f o r  th e  s p r e a d  of p o l i o m y e l i t i s  v i r u s .
3) C o n tac t  may be d i r e c t  th ro u g h  i n t i m a t e  p e r s o n a l
r e l a t i o n s h i p s  w i th  c a s e s  o r  c a r r i e r s ,  o r  i n d i r e c t  th ro u g h  fo o d ,  
d r in k  o r  f e e d in g  u t e n s i l s  c o n ta m in a te d  w i th  f a e c e s  by f i n g e r s  
o r  f l i e s .
4) D ro p le t  i n f e c t i o n  may p la y  a p a r t  u n d e r  c e r t a i n  
c o n d i t i o n s .
5) D ro p le t  i n f e c t i o n  p r o b a b ly  o p e ra te d  in  t h e  e a r l y  weeks 
o f  th e  M a lta  ep idem ic  o f  1950 -  51 b u t  th e  i n t e s t i n a l - o r a l  
r o u te  of i n f e c t i o n  i s  th e  more im p o r ta n t  means o f  m a in ta in in g  
an  ep idem ic  o v e r  a p e r i o d  o f  m on ths .
6) M edica l and  n u r s in g  a t t e n d a n t s  s h o u ld  w ear e f f i c i e n t
masks f o r  th e  f i r s t  few days o f  a p a t i e n t f s i l l n e s s .  P r e c a u t io n s  
f o r  th e  d i s p o s a l  o f f a e c e s ,  th e  s t e r i l i s a t i o n  o f  f e e d in g  u t e n s i l s  
and th e  e l i m i n a t i o n  o f  f l i e s  sh o u ld  be a s  f o r  th e  e n t e r i c  
d i s e a s e s  /
3 0 .
d i s e a s e s  and s h o u ld  "be m a in t a in e d  f o r  a t  l e a s t  4 w eek s . 
Thorough w ash in g  o f  hands a f t e r  e o n t a e t  w i t h  a  p a t i e n t  i s  
e s s e n t i a l  and  i s  more im p o r ta n t  th a n  mask w e a r in g .
• - v;- V il ..
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IV. RELATIONSHIP OF ACTIVITY Iff THE EARLY
" STAPES OF POLIOMYELITIS TO PARALYSIS’"
There i s ,  a s  y e t ,  no s p e e i f i o  remedy f o r  p o l i o m y e l i t i s ,  
h u t  r e c e n t  a d v an c es  have g iv e n  hope f o r  th e  f u t u r e .  Hammon 
e t  a l .  (1952) have shown t h a t  i n j e c t i o n  o f  gamma g l o b u l i n  may 
h e lp  to  p r e v e n t  p o l i o m y e l i t i s ,  and t h a t  i f  i t  i s  g iv e n  i n  th e  
week b e fo re  th e  o n se t  o f  t h e  d i s e a s e  i t  may p r e v e n t  p a r a l y s i s .
The a b i l i t y  to  grow th e  v i r u s  by means o f  t i s s u e  c u l t u r e  
(E nders  1951) may l e a d  to  the  developm ent o f  an a t t e n u a t e d  
v i r u s  v a c c in e  f o r  a c t i v e  im m u n isa t io n .  U n f o r tu n a t e ly  th e s e  
methods o f  p r e v e n t io n  a re  n o t  y e t  s u f f i c i e n t l y  advanced  f o r  
g e n e r a l  a p p l i c a t i o n  and , b e ca u se  o f  t h i s ,  our e f f o r t s  to  l i m i t  
th e  s p re a d  o f  i n f e c t i o n  by g e n e r a l  methods of h y g ie n e ,  and  to  
l i m i t  t h e  e x te n t  o f  p a r a l y s i s  by e a r l y  d ia g n o s i s  an d  t r e a tm e n t ,  
a re  s t i l l  th e  on ly  means o f  l e s s e n i n g  th e  e f f e c t s  o f  th e  d i s e a s e .  
I t  has been known f o r  many y e a r s  t h a t  t r e a tm e n t  i n  t h e  e a r l y  
s t a g e s  o f  th e  i l l n e s s  by r e s t  and s e d a t i o n  seemed to  o f f e r  th e  
b e s t  means of l i m i t i n g  p a r a l y s i s .  Thus, L im per e t  a l . (1931) 
found  t h a t  e x h a u s t in g  e x e r c i s e  p re c e d e d  th e  o n s e t  i n  se v en  o u t  
o f  a  s e r i e s  o f  s i x t y  c a s e s ;  T eb b u tt  and  Helms (1933) i n  a n  
ep idem ic  i n  New Sou th  Wales i n  1931 -  32 made s i m i l a r  
o b s e r v a t i o n s ,  w h i le  de Rudder and  P e t e r s e n  (1938) r e p o r t e d  two 
l o c a l  o u tb re a k s  o f  p o l i o m y e l i t i s  i n  a g roup  o f  r u r a l  s c h o o lb o y s ,
13 to  19 y e a r s  o f  a g e ,  s h o r t l y  a f t e r  a tw o-day a t h l e t i c  c o n t e s t .  
S ix  /
S ix  p a r a l y t i c  and  t h i r t e e n  a b o r t i v e  c a s e s  d e v e lo p e d  among the  
p a r t i c i p a n t s  w h i le  o n ly  t h r e e  a b o r t i v e  c a s e s  o c c u r r e d  among 
n o n - p a r t i c i p a n t s  from  t h e  same sch o o l#  I t  was n o t  u n t i l  1947, 
however, t h a t  R u s s e l l  (1947) c l e a r l y  d e m o n s t r a te d  th e  
c o r r e l a t i o n  o f  a c t i v i t y ,  i n  th e  e a r l y  s t a g e s  o f  th e  i l l n e s s ,  
and th e  deg ree  o f  p a r a l y s i s ,  and  i n  1949 th e  same a u th o r  
s t a t e d  t h a t  co m p le te  p h y s i c a l  q u i e t  from  th e  o n s e t  o f  
m e n in g i t i c  p a in s  w i l l  se ldom  f a i l  to  p r e v e n t  s e r i o u s  p a r a l y s i s ,  
w h i le  s t r e n u o u s  o r  even  m o d era te  p h y s i c a l  a c t i v i t y  a t  t h i s  
s t a g e  i s  h ig h ly  d a n g e ro u s .  H a rg re a v e s  (1948) a n a ly s e d  t h i r t y  
c a se s  o f  p o l i o m y e l i t i s  w hich  o c c u r r e d  i n  C ornw all i n  1947 -  48 , 
h i s  f i n d i n g s  s u p p o r te d  th o s e  o f  R u s s e l l .  I n  America t h i s  was 
fo l lo w e d  up by  Horstmann (1 9 5 0 ) .  She s t u d i e d  411 p a t i e n t s  w i t h  
p o l i o m y e l i t i s  from  t h r e e  e p id e m ic s  and p r e s e n t e d  d a t a  i n d i c a t i n g  
t h a t  th e  p e r c e n ta g e  o f  p a t i e n t s  who c o n t in u e d  p h y s i c a l  a c t i v i t y  
a f t e r  th e  a p p e a ra n c e  o f  symptoms o f  t h e  m a jo r  i l l n e s s  was 
c o n s id e r a b ly  g r e a t e r  i n  th e  p a r a l y t i c  g roup  th a n  i n  th e  
n o n - p a r a l y t i c .  No c o r r e l a t i o n  was d e m o n s tra te d  be tw een  p h y s i c a l  
‘- a c t i v i t y  d u r in g  t h e  f i r s t  p h a s e ,  o r  m inor i l l n e s s ,  and th e  f i n a l  
outcom e. The c r i t i c a l  t im e  a s  f a r  a s  p h y s i c a l  a c t i v i t y  was 
co n ce rn e d  seemed t o  be th e  f i r s t  24 to  48 h o u rs  o f  t h e  m ajo r 
i l l n e s s .  There was no c o r r e l a t i o n  be tw een  a c t i v i t y  im m e d ia te ly  
p re c e d in g  o n s e t  and p a r a l y s i s .  A lb re c h t  and  Locke (1951) s t u d i e d  
th e  p h y s i c a l  a c t i v i t y  from  t h r e e  days b e fo r e  to  a  number o f  days 
a f t e r  /
a f t e r  th e  o n se t  o f  i l l n e s s  i n  200 p a t i e n t s  i n  New York S t a t e .
They c o n c lu d e d  t h a t  d e a th  and  s e v e re  p a r a l y s i s  m ig h t be 
a t t r i b u t e d  in  p a r t  t o  t h e  d e g re e  o f  p h y s i c a l  a c t i v i t y  i n  th e  
m en in g ea l  s t a g e  ( R u s s e l l ^  p r e - p a r a l y t i c  s t a g e )  i n  a d u l t s ,  b u t  
n o t  i n  c h i l d r e n .  L e v in so n ,  M ilz e r  and  Lewin (1945) a t t e m p te d  t o  
o b t a i n  e x p e r im e n ta l  p r o o f  o f  th e  im p o r ta n c e  of a c t i v i t y  d u r in g  
th e  I n c u b a t io n  P e r io d  o f  p o l i o m y e l i t i s  by s u b j e c t i n g  monkeys 
(Macaca m u la t t a )  to  e x h a u s t in g  e x e r c i s e s ,  i n  t h i s  ca se  swimming, 
a f t e r  i n o c u l a t i n g  them  w i t h  p o l i o m y e l i t i s  v i r u s .  I t  was fo u n d  
t h a t  th e  monkeys d e v e lo p e d  a more s e v e r e  and  h ig h e r  in c id e n c e  o f  
p a r a l y s i s ,  th a n  c o n t r o l s .
R u s s e l l  (1952) h as  rev ie w ed  h i s  own and H orstm ann*s d a t a  on 
t h i s  s u b j e c t .  There i s  no doub t t h a t  th e  r e l a t i o n s h i p  o f  a c t i v i t y  
a t  a  c r u c i a l  p h a se  o f  th e  d i s e a s e  i s  o f  g r e a t  s i g n i f i c a n c e  i n  
p r o g n o s i s .  T h is  i s  l i k e l y  to  rem ain  so  u n t i l  some means o f  
a c t i v e  im m u n isa t io n ,  a k in  t o  t h a t  p r o v id e d  a g a i n s t  y e l lo w  f e v e r ,  
i s  p r a c t i c a b l e .
I n  th e  s e r v i c e  e a s e s  i n  M a lta  i n  1950 t h e r e  was a  re m a rk a b le  
c o r r e l a t i o n  b e tw een  a c t i v i t y  i n  th e  p r e - p a r a l y t i c  s t a g e  o f  t h e  ! 
d i s e a s e  and  th e  s e v e r i t y  o f  p a r a l y s i s .  Nine c a s e s  had a  s e v e r e  
d eg ree  o f  r e s i d u a l  p a r a l y s i s  and  two o th e r  e a s e s  d i e d .  S ix  o f  
th e  n in e  e a s e s  who d e v e lo p e d  s e v e re  p a r a l y s i s  were a d m i t te d  to  
h o s p i t a l  f o u r  o r  more days a f t e r  th e  o n s e t  o f  symptoms and  a l l  
s i x  had a  s t r i k i n g  h i s t o r y  o f  a c t i v i t y  i n  th e  p r e - p a r a l y t i c  
p h a s e .  /
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p h a s e .  Of t h e  p a t i e n t s  who d i e d ,  one was a  c h i l d  o f  s i x  y e a r s  
who was n o t  a d m i t te d  t o  h o s p i t a l  u n t i l  th e  t h i r d  day o f  i l l n e s s  
and th e  o t h e r ,  L i e u t .  D . , h a s  a l r e a d y  b e en  m e n t io n e d .
The f o l lo w in g  a r e  b r i e f  case  n o te s  o f  th e  s i x  s e v e r e l y  
p a r a l y s e d  p a t i e n t s :
Qase 1 .
H o usew ife . M rs . D. Age : 26 y e a r s .
Day 1 : S evere  f r o n t a l  h eadache  b a t  n e v e r t h e l e s s  w ent
p i c n i c k i n g  and  b a th in g ;  o a t  i n  open a l l  d a y .
Day 2 : Headache c o n t in u e d ,  accom panied  by n a u s e a ,
a n o r e x ia ,  f e v e r ,  g e n e r a l i s e d  body p a i n s .  Ifent t o  bed and  was 
t r e a t e d  s y m p to m a t ic a l ly  a t  home u n t i l  day 5 when th e  f e v e r  
su b s id e d  and th e  p a t i e n t  f e l t  g e n e r a l l y  b e t t e r .  N o t ic e d  w eakness 
o f b o th  l e g s .  T h is  was a s c r i b e d  to  th e  f e v e r  w hich she had had  
and she was a l lo w e d  to  s i t  up ou t o f  bed . Her g e n e r a l  c o n d i t i o n  
im proved b u t  w eakness o f  l e g s  d id  n o t ,  and  when a d m i t te d  to  
h o s p i t a l  on day 8 she had s e v e re  p a r a l y s i s  o f  b o th  l e g s  and 
s l i g h t  w eakness o f  th e  r i g h t  arm .
Case 2 .
P e t t y  O f f i c e r .  Age : 32 y e a r s .
Day 1 -  Z : Complained o f  o c e i p i t a l  h e a d a c h e ,  n a u sea  and 
d i z z i n e s s  b u t  c o n t in u e d  to  w ork .
Day 3 : - S t i l l  unw e ll  b u t  d id  n o t  r e p o r t  s i c k .
Day 4 : So i l l  t h a t  he c o u ld  n o t  go to  work b u t  r e f u s e d  to  
have /
3 5 .
have a  d o c to r  v i s i t  him i n  h i s  own home. He p r e f e r r e d  i n s t e a d  
to  make a jo u rn e y  o f  f o u r  m i l e s ,  w hich  i n c lu d e d  c r o s s i n g  th e  
Grand H arbour by f e r r y - b o a t  and  a good  d e a l  o f  w a lk in g ,  t o  s e e  a  
d o c to r .  A dm itted  to  h o s p i t a l ,  d e v e lo p ed  s e v e r e  d e g re e  o f  
p a r a l y s i s  o f  b o th  a rm s, l e g s  and t r u n k .
Case 3 .
ITaval N urs ing  S i s t e r .  (Case X i n  t a b l e  I I I ) .  Age : 30 y r s
Pay 1 : F e l t  u n w e ll  w i th  a n o r e x ia  and m o d era te  h e a d a c h e .
Day 2 - 3 : P a in  i n  t h ig h s  and s t i f f n e s s  o f  th e  l e g s ;
c o n t in u e d  to  w ork .
Day 4 : Symptoms c o n t in u e d ;  s a c r a l  p a i n  and  s e v e r e
h e a d a c h e .
Day 5 : A dm itted  to  h o s p i t a l ;  d ev e lo p ed  s e v e re  p a r a l y s i s
o f  b o th  arms and b o th  l e g s .
Case 4 :
Airman. Age : 20 y e a r s .  Keen a t h l e t e .  Well b u i l t  
m u sc u la r  man, good m o ra le .
Day 1 : Headache, vague g e n e r a l i s e d  p a i n  b u t  engaged  i n
w r e s t l i n g  b o u t .
Day 2 : Headache w o rs e ,  p a in  a t  back  o f  neck  and i n  lu m bar
r e g i o n .
DayJ3: R e p o r te d  s i e k  f o r  f i r s t  t im e  b e ca u se  o f  i n c r e a s i n g
p a in  i n  th e  b a ck ,  neck  and t h i g h s .  P u t  to  bed i n  s t a t i o n  s i c k  
q u a r t e r s  b u t  no t  s t r i c t l y  s u p e r v i s e d .
Day , 4 : /
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Day 4 : A dm itted  to  M i l i t a r y  H o s p i t a l ;  w id e s p re a d
p a r a l y s i s  o f  arms and l e g s .
Day 5 : R e s p i r a t o r y  p a r a l y s i s ;  r e s p i r a t o r  r e q u i r e d  f o r
s i x  w eeks; v e r y  s e v e re  r e s i d u a l  p a r a l y s i s  o f  a rm s , l e g s  and 
t r u n k .
Case 5 .
G i r l .  Age : 4 y e a r s .
Day 1 : Sudden o n se t  o f  f e v e r ,  i r r i t a b i l i t y ,  b a ck a ch e ,
Headache. T re a te d  s y m p to m a t ic a l ly  u n t i l  day 3 when f e v e r  
s e t t l e d  and c h i l d  was a l lo w e d  to  move f r e e l y  abou t t h e  bed  
a l th o u g h  s t i l l  f a r  from  w e l l .  P a r e n t s  n o t i c e d  c lu m s in e s s  o f  
movements and c h i l d 1s d i f f i c u l t y  i n  s i t t i n g  up .
Day 4 : I n c r e a s i n g  w eakness o f  l im b s  n o te d  by p a r e n t s  b u t
s t i l l  c h i l d  was n o t  s t r i c t l y  s u p e r v i s e d  o r  im m o b i l i s e d .
Day 5 : A dm itted  to  h o s p i t a l .  S evere  p a r a l y s i s  o f  b o th
arm s, b o th  l e g s  and t r u n k ;  neck  and s p in e  s t i f f .  C h ild  v e r y  
i l l  m a n i f e s t i n g  ex trem e i r r i t a b i l i t y ,  r e s t l e s s n e s s ,  e m o tio n a l  
d i s t u r b a n c e ,  and d i s tu r b a n c e  o f  s l e e p  rhy thm .
Case 6 .
L ie u t e n a n t ,  Royal Navy. Age : E2 y e a r s .
Day 1 : Vaguely u n w e l l ;  s l i g h t  b a c k a c h e .
Day 2 : S t i l l  n o t  f e e l i n g  w e ll  b u t  p l a y e d  game o f  h o c k ey .
Day 3 -  4 : C on tin u ed  to  work a l th o u g h  c o m p la in in g  o f
h e a d a c h e .
3 7 .
Day 5 : F e l t  much w o rse ;  co m p la in ed  o f  h e a d a c h e ,  b a ck a ch e ,
f e v e r .  T re a te d  s y m p to m a t ic a l ly  i n  q ,u a r t e r s .  n o t i c e d  s l i g h t  
w eakness o f  l e g s .
Day 6 : U nable  to  w a lk .  M m i t t e d  t o  h o s p i t a l ,  neck  and 
back  s t i f f ;  s e v e r e  f l a c c i d  p a r a l y s i s  o f  b o th  l e g s .
The c o n v e r s e ,  t h a t  a d e q u a te  r e s t  from  th e  o n s e t  o f  
symptoms w i l l  p r e v e n t  s e r i o u s  p a r a l y s i s ,  was a l s o  s t r i k i n g l y  
d e m o n s tra te d  i n  th e  s e r i e s  s t u d i e d .  Of tw e lv e  members o f  th e  
h o s p i t a l  s t a f f  who d e v e lo p e d  p o l i o m y e l i t i s  no l e s s  th a n  t e n  
r e t u r n e d  to  f u l l  d u ty  w i t h i n  s i x  m o n th s .  Of th e  two members 
o f  th e  s t a f f  who d id  n o t  do so  w e l l ,  one was case  3 above who 
d id  n o t  r e p o r t  s i c k  e a r l y ,  and  th e  o t h e r  had a  r e l a p s e  w i th  
i n c r e a s e d  p a r a l y s i s  o f  th e  l e g s  i n  t h e  f i f t h  week o f  i l l n e s s ,  
l i n e  o t h e r  c a s e s ,  who were a d m it te d  to  h o s p i t a l  so o n  a f t e r  
o n s e t ,  had p a r e s i s  o f  a l l  f o u r  l im b s ;  t h e y  a l l  made a  r a p i d  
r e c o v e r y .  T h is  may be a t t r i b u t e d  to  a d e q u a te  r e s t  e a r l y  i n  
th e  i l l n e s s .
Why does a c t i v i t y  a t  a  c r u c i a l  p h a se  o f  t h e  d i s e a s e  i n c r e a s e  
th e  l i k e l i h o o d  o f  s e v e re  p a r a l y s i s ?  S ince  t h e  e x t e n t  o f  
p a r a l y s i s  depends on th e  e x t e n t  o f  damage to  th e  a n t e r i o r  h o rn  
c e l l s ,  t h e  cause  c a n n o t  be a  l o c a l  m u sc u la r  one ; b u t  i f  i t  i s  
assum ed t h a t  th e  a n t e r i o r  h o rn  c e l l  can  be a f f e c t e d  by i t s  
p e r i p h e r a l  c o n n e c t io n s ,  th e n  m u sc u la r  a c t i v i t y  c o u ld  so i n f lu e n c e  
th e  p e r i p h e r a l  c o n n e c t io n s  a s  to  c au se  damage to  th e  n e rv e  c e l l s .  
This /
T his i s  s u p p o r te d  by  th e  work o f  Hyden (1943) who showed t h a t  
i n t e n s e  m uscu la r  work i n  t h e  e x p e r im e n ta l  an im al d e p l e t e d  th e  
p r o t e i n  o f the  a n t e r i o r  h o rn  c e l l .  B e fo re  t h i s ,  Howe a n d  
B odian  (1942) showed t h a t  th e  s u s c e p t i b i l i t y  o f  t h e  a n t e r i o r  
h o rn  c e l l  to  p o l i o m y e l i t i s  v i r u s  was a l t e r e d  by s e c t i o n  o f  
( i . e .  damage t o )  th e  p e r i p h e r a l  n e rv e  o r i g i n a t i n g  i n  t h e s e  
c e l l s .  T h is  may be r e l a t e d  t o  th e  e f f e c t  w h ich  t o n s i l l e c t o m y  
has on th e  o n s e t  and  form  o f  th e  d i s e a s e ,  b u t  i s  a l s o  r e l e v a n t  
i n  t h i s  d i s c u s s i o n .  H a r r in g to n  (1951) s t u d i e d  100 u n s e l e c t e d  
c a s e s  o f p a r a l y t i c  p o l i o m y e l i t i s  i n  se rv ice m e n  and fo u n d  t h a t  
f i v e  had a  s i g n i f i c a n t  h i s t o r y  o f  trau m a  w hich  p r e c e d e d  by a  
few days t h e  a p p e a ra n c e  o f  p a r a l y t i c  p o l i o m y e l i t i s .  I n  each  
case  t h e  p a r a l y s i s  was i n  m usc les  c l o s e l y  r e l a t e d  to  th e  s i t e  
o f  the  t r a u m a .  He d i s c u s s e d  two p o s s i b i l i t i e s  t o  e x p l a i n  t h i s .  
F i r s t l y ,  t h a t  l o c a l  i n j u r y  opened up some pa thw ays of i n f e c t i o n  
to  th e  s p i n a l  c o rd ,  and  s e c o n d ly  t h a t  th e  e f f e c t  o f  l o c a l  traum a 
was to  a l t e r  t h e  s p i n a l  c o rd  c e l l  p h y s io lo g y  i n  su c h  a  way a s  to  
red u ce  r e s i s t a n c e  to  th e  v i r u s  w hich  was a l r e a d y  e s t a b l i s h e d  i n  
th e  c o rd  (Bodian and Cumberland 1 9 4 7 ) .  Does m u sc u la r  a c t i v i t y  
a l s o  b r i n g  abou t a  change i n  th e  a n t e r i o r  ho rn  c e l l s ,  r e n d e r in g  
them more s u s c e p t i b l e  to  a t t a c k  by the  v i r u s  o f  p o l i o m y e l i t i s ?  
T h is  seems a r e a s o n a b le  a s su m p t io n .  H orstm ann (1950) a s k s  i n  
d i s c u s s in g  t h i s  q u e s t io n :  i s  th e  p a t i e n t  im p e l le d  to  a c t i v i t y
as  a  r e s u l t  o f  th e  d i s e a s e  p r o c e s s  w hich  c a u s e s  i r r i t a b i l i t y  and  
r e s t l e s s n e s s :  /
r e s t l e s s n e s s :  i s  b a c k  p a i n  on ly  r e l i e v e d  by w a lk in g  a b o u t?
This was n o t  so i n  my o a s e s ,  b e c a u se  p a t i e n t s  i n  th e  
p r e - p a r a l y t i c  s t a g e  f e l t  i l l  and were m o s t ly  im p e l le d  by t h i s  
f e e l i n g  to  s t a y  in  b e d .  The a d u l t  p a t i e n t  who i s  l i k e l y  to  
become s e v e r e l y  p a r a l y s e d  i s  e i t h e r  a  s t o i c  o r  one w i t h  a  h ig h  
se n se  of d u ty .  In  e i t h e r  c a s e  he te n d s  to  m in im ise  h i s  symptoms 
and to  rem ain  a c t i v e  i n  s p i t e  o f  f e e l i n g  u n w e l l .  T his was 
c e r t a i n l y  th e  c a s e  i n  f o u r  o f  th e  s i x  s e v e r e l y  p a r a l y s e d  c a s e s  
d e t a i l e d  above on p ag es  34, 35, 36 and 3 7 .
Mere p h y s i c a l  a c t i v i t y  a t  a  c r u c i a l  s t a g e  c a n n o t  be  th e  o n ly  
f a c t o r  w h ich  d e te rm in e s  the  s e v e r i t y  o f  th e  i l l n e s s .  As i n  o t h e r  
i n f e c t i o n s ,  d o sa g e ,  v i r u l e n c e ,  and s t r a i n  o f  v i r u s ,  h o s t  
s u s c e p t i b i l i t y  and imm unity, a s  w e l l  as m en ta l  and p h y s i c a l  
a c t i v i t y ,  must i n t e r p l a y  i n  d e te rm in in g  th e  p a t t e r n  o f  t h e  
d i s e a s e  f o r  each i n d i v i d u a l .  There i s  p r o b a b ly  no d i s e a s e  which 
shows such  a v a r i a t i o n  i n  p a t t e r n  from  i n d i v i d u a l  to  i n d i v i d u a l  
i n  a more s t r i k i n g  f a s h i o n  th a n  p o l i o m y e l i t i s .  I n  some p a t i e n t s  
th e  p i c t u r e  i s  of s e v e re  i r r e v e r s i b l e  damage from  t h e  o n s e t  
c au s in g  e i t h e r  d e a th  o r  s e v e r e  p a r a l y s i s ,  and  a t  t h e  o t h e r  
extrem e i s  th e  p a t i e n t  w i th  m ild  o r  m inim al i n v a s io n  and 
d e s t r u c t i o n .  The f a c t o r s  w h ich  c au se  su c h  v a r i a t i o n  a r e  c l e a r l y  
m u l t i p l e ,  and i t  i s  r e a s o n a b le  to  assume t h a t  some o f  t h e  f a c t o r s  
a re  co n ce rn e d  w i th  n e rv e  c e l l  m e ta b o l ism ;  a c t i v i t y  a t  a  c r u c i a l  
s t a g e  i n  t h e  d i s e a s e  i s  p o s s i b l y  one such  f a c t o r  w hich  m igh t 
r e s u l t  /
r e s u l t  i n  t h e  com ple te  d e s t r u c t i o n  o f  a n t e r i o r  h o rn  c e l l s  w hich  
m ight o th e rw is e  have r e c e i v e d  l e s s e r  and r e v e r s i b l e  damage.
SUMMARY:
The e v id e n c e  t h a t  a c t i v i t y  a t  a  c r u c i a l  phase  o f  
p o l i o m y e l i t i s  b e a r s  a r e l a t i o n s h i p  to  t h e  s e v e r i t y  o f  p a r a l y s i s  
i s  r e v ie w e d .  T h is  r e l a t i o n s h i p  was fo u n d  t o  e x i s t  i n  s i x  o u t  
o f  n in e  s e v e r e l y  p a r a l y s e d  p a t i e n t s  i n  th e  51 s e r v i c e  c a s e s  i n  
M alta  i n  1950 -  51 . The c a u se s  o f  t h i s  r e l a t i o n s h i p  a r e  
d i s c u s s e d .
C0ICLUSI01S:
1) The v i r u s  o f  p o l i o m y e l i t i s  may be p r e s e n t  i n  a n t e r i o r  
ho rn  c e l l s  24 h o u rs  b e f o r e  th e  o n s e t  o f  p a r a l y s i s ,  undue 
m u sc u la r  a c t i v i t y  o r  traum a  a t  a c r u c i a l  s t a g e  o f  th e  d i s e a s e  
i n  some way a l t e r s  th e  c e l l - v i r u s  r e l a t i o n s h i p .  T h is  r e n d e r s  
th e  c e l l  l e s s  r e s i s t a n t  to  th e  v i r u s  and  b r i n g s  a b o u t  c e l l  
damage w hich  may be i r r e v e r s i b l e .
2) U n t i l  some form  o f  a c t i v e  im m u n isa tio n  i s  d i s c o v e r e d ,  
th e  b e s t  means o f  l i m i t i n g  p a r a l y s i s  i n  p o l i o m y e l i t i s  i s  t h e  
av o id an ce  o f  p h y s i c a l  e x e r t i o n  in  th e  p r e - p a r a l y t i o  o r  
m en ingea l  p h a se  o f  t h e  d i s e a s e .
v . THU CLINICAL FEATURES OF THE OUTBREAK
The c l i n i c a l  f e a t u r e s  were n o t  i n  any way u n u su a l  b u t  
c e r t a i n  a s p e c t s  were o f  i n t e r e s t .
( a ) Main Symptoms:
I t  i s  a  w e l l  known o b s e r v a t i o n  t h a t  th e  p rod rom al symptoms 
o f  a c u te  p o l i o m y e l i t i s  a r e  n o t  c h a r a c t e r i s t i c  and t h a t  t h e y  v a r y  
i n  d i f f e r e n t  e p id e m ic s .  I n  t h i s  s e r i e s  g a s t r o - i n t e s t i n a l  
symptoms, a s  e x p re s s e d  by v o m it in g  and d i a r r h o e a ,  o c c u r r e d  i n  
th e  f o l lo w in g  p e r c e n ta g e s ;  v o m it in g  29 and d i a r r h o e a  2 1 .5 .  Sore 
t h r o a t  was n o t  v e ry  c o n sp ic u o u s  and o c c u r re d  i n  s i x  c a s e s .  
V e r t ig o ,  w i th  o r  w i th o u t  f a i n t i n g ,  was th e  i n i t i a l  p ro d rom al 
symptom i n  16 c a s e s ,  headache  i n  32 e a s e s ,  and m usc le  p a i n  i n  
21 c a s e s .  (See F ig u re  I I ) .
The e x p la n a t i o n  of th e  p ro d ro m a l symptoms i s  a  m a t t e r  o f  
s p e c u l a t i o n .  The o ld  view  was t h a t  th e  p rod rom al symptoms w ere 
due to  a  sy s te m ic  r e a c t i o n  to  t h e  p r e s e n c e  o f  th e  v i r u s ,  w h i le  
th e  c e n t r a l  n e rv o u s  sy s te m  m a n i f e s t a t i o n s  o n ly  became a p p a re n t  
when th e  b lo o d  -  C .H .S . b a r r i e r  was overcom e. T h is  h a s  v e r y  
l i t t l e  s u p p o r t  now a s  t h e r e  i s  p a t h o l o g i c a l  e v id e n c e  o f  t h e  
p re s e n c e  o f  th e  v i r u s  w i t h i n  th e  c e n t r a l  n e rv o u s  sy s te m  a t  th e  
p ro d ro m al s t a g e .  Such symptoms a s  h eadache  an d  m uscle  p a i n  would 
be e x p l i c a b l e  on t h e  same mechanism t h a t  i s  r e s p o n s i b l e  f o r  t h e i r  
p re s e n c e  i n  th e  p r e - p a r a l y t i c  and p a r a l y t i c  s t a g e s .  The 
m en ingea l r e a c t i o n  m ight e x p l a i n  th e  h e ad a ch e ,  w h i le  t h e  
e x p la n a t io n  /
e x p la n a t i o n  o f  m uscle  p a in  rem ain s  o b s c u re .  I n  v iew  o f  th e  
f r e q u e n t  and e a r l y  inv o lvem en t o f  the  v e s t i b u l a r  n u c l e i  and 
th e  r e t i c u l a r  f o r m a t io n  in  th e  b r a i n  stem  (Bodian 1 9 4 7 ) ,  th e  
o c c u r re n c e  o f  v e r t i g o  o r  f a i n t i n g  i s  n o t  s u r p r i s i n g ,  and  one 
m igh t su rm ise  t h a t  g a s t r o - i n t e s t i n a l  symptoms may a l s o  be due 
t o  th e  e a r l y  in v o lv em en t o f  th e  c e n t r a l  s t a t i o n s  of th e  
v e g e t a t i v e  system  i n  th e  h y p o th a lam u s . E very  p a t i e n t  m a n i f e s t i n g  
one o f  t h e  u s u a l  p rod rom al symptoms was r e g a r d e d  as  a  s u s p e c t ,  
k e p t  i n  b e d ,  and  s e d a t e d .  D a i ly ,  o r  i f  n e c e s s a r y  more f r e q u e n t l y ,  
c l i n i c a l  e x a m in a t io n s  were c a r r i e d  o u t ,  p a r t i c u l a r  a t t e n t i o n  
b e in g  p a i d  to  t h e  c e n t r a l  n e rv o u s  sy s te m . I n  t h i s  way i t  was 
p o s s i b l e  t o  make a p re su m p tiv e  d i a g n o s i s  i n  t h e  p r e - p a r a l y t i c  
p e r i o d .  T h is  i s  th o u g h t  t o  be th e  r e a s o n a b le  a t t i t u d e  to  ta k e  
d u r in g  an e p id e m ic .  An o b j e c t i o n  t o  t h i s  p o l i c y  i s  t h a t  many 
p a t i e n t s ,  who do n o t  e v e n t u a l l y  deve lop  p o l i o m y e l i t i s ,  w i l l  have 
been  s u b j e c t e d  to  u n n e c e s sa ry  r e s t  i n  bed  f o r  a few d a y s .  Does 
t h i s  m a t te r?  Q u ite  a p a r t  from the  p o s s i b i l i t y  t h a t  even  a 
p r o p o r t i o n  of t h e s e  p a t i e n t s  may be c a s e s  o f  a b o r t i v e  po liom y - 
r e l i t i s ,  I  t h in k  t h a t  i t  i s  o n ly  i n  t h i s  way t h a t  a c t i v i t y  can  
be a v o id e d  and  p a r a l y s i s  l i m i t e d .  F ig u re  I I  shows th e  in c id e n c e  
o f  th e  main symptoms on a d m iss io n  to  h o s p i t a l .
• (b) Main S i g n s :
As i s  g e n e r a l l y  known, th e  o u t s t a n d in g  c l i n i c a l  f i n d in g  i n  
p o l i o m y e l i t i s  /
p o l i o m y e l i t i s  i s  w eakness o r  p a r a l y s i s  o f  v a r i o u s  m u sc le  g r o u p s .  
Muscle w eakness was d e t e c t e d  i n  41 c a s e s  on a d m is s io n  
( f i g u r e  I I I ) . The d e t e c t i o n  o f  m uscle w eakness i s  an  im p o r ta n t  
d i a g n o s t i c  f i n d i n g  w hich  d i f f e r e n t i a t e s  p o l i o m y e l i t i s  from  o t h e r  
a c u t e  i n f e c t i o u s  m en in g ea l  p r o c e s s e s .
In  d i s c u s s i n g  the  developm ent o f  p a r a l y s i s  i n  th e  e a r l y  
s t a g e s  o f  p o l i o m y e l i t i s  two im p o r ta n t  e x p e r im e n ta l  and  p a t h o l -  
: o g i e a l  f i n d i n g s  a re  r e l e v a n t .
( i )  The v i r u s  i s  d e m o n s tra b le  w i t h i n  th e  g r e y  m a t t e r  
o f  th e  s p i n a l  c o rd  sometime b e f o r e  th e  o n se t  
o f  c l i n i c a l  p a r a l y s i s  -  24 h o u rs  a t  l e a s t  
(B odian  and Cumberland 1 9 4 7 ) .
( i i )  C l i n i c a l  e v id e n c e  o f  m a n i f e s t  p a r a l y s i s  does n o t
a p p e a r  u n t i l  th e  damage t o  t h e  a n t e r i o r  ho rn  c e l l s  
has r e a c h e d  a  c e r t a i n  r e l a t i v e l y  h ig h  d e g r e e . T h is  
l e a d s  one to  b e l i e v e  t h a t  i n  every  c a s e ,  be tw een  th e  
i n i t i a l  p rodrom al symptoms and th e  o n s e t  o f  m a n i f e s t  
p a r a l y s i s ,  t h e r e  i s  a  np r e - p a r a l y t i c M p e r i o d  o f  
v a r i a b l e  d u r a t i o n  where s l i g h t  m usc le  w eakness i s  
p r e s e n t  b u t  o n ly  d e t e c t a b l e  by a  v e r y  c a r e f u l  
e x a m in a t io n  o f  a l l  v o lu n ta r y  m u s c le s .  I n  th e  non- 
i p a r a l y t i c  ty p e ,  th e  p r o c e s s  a p p e a rs  to  be a r r e s t e d  
a t  t h i s  s t a g e .  The v a r i a b i l i t y  i n  th e  d u r a t i o n  o f  
t h i s  p e r i o d  would a p p e a r  to  be r e s p o n s i b l e  f o r  th e  
d i f f e r e n c e  /
d i f f e r e n c e  be tw een  " i n f a n t i l e *  and  th e  " a d u l t*  
ty p e s  d e s c r i b e d  by Horstmann (1 9 4 9 ) .
I n  a  nutober o f  e a s e s  th e  d e g re e  o f  p a r e s i s  fo u n d  on 
ad m iss io n  was s l i g h t .  A lthough  a f e b r i l e  p a t i e n i ;  
may show some l o s s  of m uscle  pow er, when one lim b 
was found  t o  be w eaker th a n  i t s  o p p o s i t e ,  however 
s l i g h t l y ,  one was a b le  to  make th e  c o r r e c t  d i a g n o s i s  
a t  once , w i th o u t  w a i t i n g  f o r  s p e c i f i c  m uscle  g ro u p s  
to  be  p ic k e d  o u t .  In  many i n s t a n c e s ,  w eakness o f  th e  
a n t e r i o r  neck  m u sc le s  o r  of th e  abdom inal m u sc le s  was 
a p ro m in e n t  e a r l y  s i g n .  The v a lu e  o f  w eakness o f  th e  
a n t e r i o r  neck m u sc le s  a s  an  e a r l y  s i g n ,  e s p e c i a l l y  i n  
c h i l d r e n ,  i s  one t h a t  was d e s c r ib e d  many y e a r s  ago, 
(Peaboby, D raper and Dochez, 1 9 1 2 ) ,  b u t  i t s  v a lu e  
needs  to  be r e - e m p h a s i s e d .  The b u lk  o f  m otor l o s s  i n  
most e a s e s  o c c u r r e d  d u r in g  th e  f i r s t  t e n  d ays  o f  th e  
p a r a l y t i c  s t a g e ,  b u t  i t  was found  t h a t  i t  was n o t  
s a f e  to  assume t h a t  no f u r t h e r  l o s s  would o c cu r  a f t e r  
th e  t e m p e ra tu re  had r e t u r n e d  to  n o rm a l .  One o f  th e  
c a s e s  had a  r e a c t i v a t i o n  o f  th e  d i s e a s e  i n  th e  f i f t h  
week o f  i l l n e s s .  W atkins (1949) r e p o r t e d  in v o lv em en t j 
o f  new segm ents and o f  g r e a t e r  w eakness o f  th o s e  
a l r e a d y  a f f e c t e d  i n  10 -  20 p e r  c e n t ,  o f  a s e r i e s  o f  
e a s e s  a t  th e  end o f  th e  t h i r d  o r  f o u r t h  week o f  
i l l n e s s .  /
i l l n e s s .  This he a t t r i b u t e d  t o  su d d e n  renew ed 
a c t i v i t y  o f  th e  v i r u s ,  and  he s u p p o r te d  t h i s  v iew  by 
r e p o r t i n g  t h a t  e x a m in a t io n  o f  th e  c e r e b r o - s p i n a l  
f l u i d  a t  t h i s  tim e r e v e a l e d  a  g r e a t l y  i n c r e a s e d  
p r o t e i n  c o n te n t  and o c c a s i o n a l l y  a  m i ld  c e l l u l a r  
r e a c t i o n .
Heck r i g i d i t y  was fo u n d  i n  37 c a s e s  and  r e q u i r e s  l i t t l e  
comment, e x c e p t  t o  s t r e s s  i t s  f r e q u e n c y .  Once i t  i s  
d e t e c t e d ,  p o l i o m y e l i t i s  s h o u ld  be th o u g h t  o f  and  th e  
p a t i e n t  h a n d le d  a p p r o p r i a t e l y .
G e n e r a l ly  sp e a k in g  an a s se s sm e n t  o f  ten d o n  r e f l e x e s  d id  
n o t  h e lp  i n  d i a g n o s i s .  They were o f t e n  b r i s k  i n  th e  
p r e - p a r a l y t i c  s t a g e  b u t  som etim es norm al o r  d e p re s s e d ;  
im p o rtan ce  was p la c e d  on them when a d i f f e r e n c e  i n  
t h e  two s i d e s  was fo u n d .
M uscu la r  p a in  and te n d e r n e s s  can  be v e r y  t ro u b le so m e  
and may go on f o r  much lo n g e r  th a n  i s  o f t e n  su p p o se d .  
In  most e a se s  i n  t h i s  s e r i e s ,  p a in  and  t e n d e r n e s s  
s u b s id e d  w i t h in  te n  days b u t  i n  a  few i t  l a s t e d  much 
lo n g e r  i n  s p i t e  o f  t r e a tm e n t  w i th  r e s t  and l o c a l l y  
a p p l i e d  h e a t .  The ty p e  o f  "spasm" n o te d  was, i n  m ost 
i n s t a n c e s ,  a  h e ig h te n e d  r e s p o n s e  to  s t r e t c h i n g  o r  
in c r e a s e d  m y o ta t io  i r r i t a b i l i t y ;  i t  was o f t e n  
accom panied  by p a i n .
G e re b ro - s p in a l  f l u i d : /
( c ) C e r e b r o - s p in a l  f l u i d ;
C e r e b r o - s p in a l  f l u i d  ( C . S . F . ) was examined i n  o n ly  19 o f  th e  
c a s e s .  I t  i s  p e rh a p s  u n f o r t u n a t e ,  from  a s t a t i s t i c a l  p o i n t  o f 
v iew , t h a t  a l l  were n o t  so exam ined, b u t  i t  was c o n s id e r e d  
u n n e c e s s a ry  to  p e rfo rm  r o u t i n e  lum bar p u n c tu re  f o r  th e  
f o l lo w in g  r e a s o n s :
( i )  Where a  p a t i e n t  was a d m i t te d  i n  th e  p a r a l y t i c  s t a g e ,  
lum bar p u n c tu re  f o r  d i a g n o s t i c  p u rp o s e s  was 
c l e a r l y  u n n e c e s s a ry .
( i i )  I t  was c o n s id e r e d ,  i f  n o t  a c t i v e l y  h a rm fu l ,  a t  l e a s t  
h a rro w in g  f o r  th e  p a t i e n t  to  s u b j e c t  him to  lum bar 
p u n c tu r e  i n  the  a c u te  s t a g e  o f  th e  d i s e a s e ,  when r e s t
i s  e s s e n t i a l ,  i f  th e  d i a g n o s i s  was a l r e a d y  c l e a r  on
p u r e l y  c l i n i c a l  g ro u n d s .  Lumbar p u n c tu r e  was th u s  
o n ly  done w here , a t  th e  t im e ,  t h e r e  was an e lem en t 
o f  doubt i n  the  d i a g n o s i s .
S c r u t in y  o f  th e  r e s u l t s  of the C .S .F .  e x a m in a t io n  
( t a b l e  IV) shows th e  fo l lo w in g  p o i n t s  o f  i n t e r e s t .
( i ) The c e l l  c o u n ts  ra n g e d  from  Z to  560 p e r  c u b ic
m i l l i m e t r e .  T his conform s w i th  th e  f i n d i n g s  r e p o r t e d  
by A nderson (1949 ) ,  who found  c o u n ts  r a n g in g  from  
norm al to  584 c e l l s  p e r  c u b ic  m i l l im e t r e  i n  196 e a s e s  
exam ined i n  an epidem ic  i n  U tah  i n  1945 . F r a s e r  
(1913) s t a t e d  t h a t  th e  C .S .F .  i n  p o l i o m y e l i t i s  m ig h t
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■be e n t i r e l y  no rm al i n  as  many a s  12 to  15 p e r  o e n t .  
o f  c a s e s ,  an d  m ight re m a in  norm al ev en  u n t i l  
p a r a l y s i s  o r  d e a th  o c c u r r e d .
( i i )  There was no c o r r e l a t i o n  be tw een  t h e  s e v e r i t y  o f
i l l n e s s  o r  e x t e n t  o f  p a r a l y s i s  and th e  m ag n itu d e  o f  
th e  c e l l  c o u n t .  (Compare, i n  t a b l e  IT , c a s e s  Ho. 3 
and  44 who d ie d ,  w i th  c a s e s  Uo. 29 , 33 , 35 , 37 and 
41 a l l  o f  whom made a r a p i d  r e c o v e r y ) .  Thus th e  
C .S .F .  f i n d i n g s  were n o t  a  r e l i a b l e  g u id e  a s  t o  th e  
p re s e n c e  o r  to  t h e  s e v e r i t y  o f  th e  d i s e a s e  i n  t h i s  
o u tb r e a k .
( i i i )  The p r o t e i n  was e l e v a t e d  above a  norm al o f  45
m i l l ig r a m s  p e r  c e n t ,  i n  a l l  b u t  two c a s e s  an d  t h i s  
e l e v a t i o n  was fou nd  to  be a  more h e l p f u l  s i g n  i n  
d i a g n o s i s  th an  t h e  c e l l  c o u n t .
(d) R e te n t io n  o f  U rine
Ten c a s e s  d e v e lo p ed  r e t e n t i o n  o f  u r i n e  i n  th e  a c u te  
p a r a l y t i c  s t a g e .  The use  o f  rrP r o s t i g m in e n o r  C a rb am y l-c h o l in e  
C h lo r id e  ( " C a rb a c h o l" ) was s u f f i c i e n t  t o  make th e  p a t i e n t  p a s s  
u r i n e  i n  a l l  b u t  two c a s e s ,  when a  c a t h e t e r  was p a s s e d ,  b ecau se  
one or o th e r  o f  th e s e  d ru g s  was i n e f f e c t i v e .  I t  was n e c e s s a r y  
to  s e t  up t i d a l  d r a in a g e  o f  t h e  b l a d d e r  i n  one c a s e ,  b u t  t h e  
p a t i e n t  r e g a in e d  b l a d d e r  f u n c t i o n  a f t e r  5 d a y s .
(e)  /
( e ) Vasomotor d i s tu r b a n c e
Vasomotor d i s t u r b a n c e ,  m a n i f e s t i n g  i t s e l f  a s  c o ld n e s s  o f  th e  
e x t r e m i t i e s ,  was n o te d  i n  t h r e e  c a s e s .  I n  a l l  t h r e e  t h e r e  was a 
m arked d im in u t io n  o f  p u l s a t i o n  o f  th e  v e s s e l s  o f  t h e  f e e t ,  and  
th e  s k i n  was s e e n  to  be  p a l l i d ,  and  c o ld  and  m o is t  to  th e  to u c h .  
I t  i s  p o s s i b l e  t h a t  invo lvem en t o f  t h e  hypothalam us may be 
r e s p o n s i b l e  f o r  t h i s  f e a t u r e ,  i f f e c t i o n s  o f  th e  h y p o th a lam u s ,  
b r a i n  and  b r a i n  s tem , a r e  a l s o  p o s s ib l y  th e  e x p la n a t io n  f o r  th e  
e n e e p h a l i t i e  symptoms t h a t  a re  som etim es e n c o u n te re d  i n  
p o l i o m y e l i t i s .
StJMMAKT:
The m ain  symptoms and  s ig n s  a re  r e c o r d e d  and  t h e  c a u s a t io n  
o f  some o f  them a re  d i s c u s s e d .
C0HGLUSI03T:
There  was n o th in g  u n u su a l  i n  t h e  p a t t e r n  o f  th e  symptoms 
and  s i g n s .
VI. PBEGMHCY A m  POLIOMYELITIS
P reg n an cy  may be a  p r e d i s p o s in g  f a c t o r  i n  t h e  o n s e t  o f 
p a r a l y t i c  p o l i o m y e l i t i s  b a t  v iew s on t h i s  d i f f e r *  B ra d le y  and  
Gale (1948) s t u d i e d  t h i s  a s p e c t  of th e  1947 ep idem ic  i n  G re a t  
B r i t a i n  and  came to  t h e  c o n c lu s io n  t h a t  th e  in c id e n c e  o f  
p o l i o m y e l i t i s  was n o t  h ig h e r  i n  p reg n a n cy  th a n  th e  e x p e c t a t i o n  
among t h e  p o p u la t io n  o f  e h i l d  b e a r in g  a g e .  iy c o c k  (1 9 4 1 ) ,  who 
h as  r e p e a t e d l y  em phasised  th e  im p o rtan c e  o f  the  r o l e  o f  v a r i a b l e  
s u s c e p t i b i l i t y ,  r ev ie w ed  th e  s u b j e c t  o f  p reg n an cy  a s s o c i a t e d  w i th  
p o l i o m y e l i t i s  and fo u n d  an  a c t u a l  i n c r e a s e  i n  th e  in c id e n c e  o v e r  
th e  a n t i c i p a t e d  f r e q u e n c y .  He p o in te d  o u t  t h a t  th e  e n d o c r in e  
changes  o c c u r r in g  in  p regnan cy  m igh t be im p o r ta n t  f a c t o r s  i n  
p r e d i s p o s i n g  p re g n a n t  women to  p o l i o m y e l i t i s .  S h a e fe r  and Shaw 
(1949) have s t a t e d  t h a t  a s i d e  from t h e  p u r e l y  e n d o c r in e  c h an g e s ,  
th e  s t r e s s e s  and s t r a i n s  o f  p reg n a n cy  may p r e d i s p o s e  t o  th e  
s u s c e p t i b i l i t y  o f  p o l i o m y e l i t i s .  T h is  may w e l l  be  r e l a t e d  to  
th e  " f a t i g u e  f a c t o r 11 (see  C hap ter IV ) . W e in s te in  e t  a l .  (1951) 
a l s o  came t o  th e  c o n c lu s io n ,  i n  a  s tu d y  o f  1 ,7 7 0  p a t i e n t s  i n  
M a s s a c h u s e t t s ,  t h a t  p regnancy  in c r e a s e d  th e  s u s c e p t i b i l i t y  t o  
c l i n i c a l  p o l i o m y e l i t i s .  Pox and B e lfu s  (1950) i n  a  6 y e a r  
s tu d y  o f  717 p a t i e n t s ,  o f  whom 33 were p r e g n a n t ,  came to  t h e  
same c o n c lu s io n .
I n  M a lta ,  d u r in g  th e  p e r io d  May -  December 1950 , 663 w ives 
of s e rv ic e m e n  e i t h e r  became p re g n a n t  o r  were d e l i v e r e d  o f  a  
c h i l d ,  /
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c h i l d .  Of t h e s e  women, f o u r  d e v e lo p ed  p o l i o m y e l i t i s ;  one i n  
th e  se c o n d  m onth, two in  t h e  f o u r t h  m onth , and one i n  th e  s e v e n th  
month o f  p re g n a n c y .  They a l l  had norm al p r e g n a n c ie s  and l a b o u r  
and w ere d e l i v e r e d  o f  norm al c h i l d r e n .  There were 7 o t h e r  c a se s  
o f  p o l i o m y e l i t i s  i n  a d u l t  women i n  my s e r i e s  h u t  o n ly  one o f  
t h e s e  was m a r r i e d .  Thus e le v e n  o f  my p a t i e n t s  were a d u l t  women 
o f  whom f i v e  were m a r r ie d ;  f o u r  o f  th e s e  were p r e g n a n t  a t  t h e  
o n s e t  o f  t h e i r  i l l n e s s .  This g iv e s  p rim a  f a c i e  s u p p o r t  to  th e  
a rgum ent w hich  s t a t e s  t h a t  p reg nancy  i s  a  f a c t o r  i n  t h e  o n se t  
o f  p o l i o m y e l i t i s .
C0HQLTJ8I0IT:
P reg n an cy , e i t h e r  becau se  o f  e n d o c r in e  c h an g e s ,  o r  th ro u g h  
u n u su a l  s t r e s s ,  i s  a  f a c t o r  i n  the  p r e d i s p o s i t i o n  t o  
p o l i o m y e l i t i s .
711. TREATMENT
There i s  s t i l l  no g e n e r a l  ag reem en t on t h e  b e s t  means o f  
t r e a t i n g  lim b and  t r u n k  p a r a l y s i s .  The t r a d i t i o n a l  m ethods o f  
r e s t i n g  m u sc le s  i n  r e l a x e d  p o s tu r e s  f o r  many months have b e en  
r e v i s e d ,  e s p e c i a l l y  i n  A m erica, where Mead (1950) has a d v is e d  
a c t i v e  e x e r c i s e  from th e  e a r l i e s t  days o f  t h e  d i s e a s e  and  has  
u sed  p r o g r e s s i v e  r e s i s t a n c e  d u r in g  s h o r t  p e r io d s  o f  h o s p i t a l  
t r e a t m e n t .  I n  t h i s  c o u n try  R u s s e l l  (1952) has f a i l e d  to  
c o n f irm  t h a t  d e l i b e r a t e l y  in d u ced  f a t i g u e  does harm to  p a r e t i c  
m u sc le s  i n  th e  r e c o v e r i n g  s t a g e s  o f  p o l i o m y e l i t i s .  The r e s t i n g  
o f  weak m u sc le s  c e a s e s  to  s e rv e  any u s e f u l  p u rp o se  a f t e r  th e  
e a r l y  weeks o f  th e  m a jo r  i l l n e s s ,  a s  th e  s p i n a l  c o rd  c e l l s  
a f f e c t e d  by th e  v i r u s  have p ro b a b ly  e i t h e r  d i s a p p e a re d  o r  
r e c o v e r e d  (Howe and B odian  1942) w i t h in  one month o f  th e  o n s e t  
o f  th e  m a jo r  i l l n e s s .
I n  M a lta  i n  1950 each  case  was s e e n ,  a s  e a r l y  a s  p o s s i b l e  
a f t e r  d i a g n o s i s ,  by an  o r th o p a e d ic  su rg e o n  who t h e r e a f t e r  
s u p e r v i s e d  th e  p r o g r e s s i v e  s t a g e s  o f  o r th o p a e d ic  t r e a tm e n t#  The 
b a s i c  c o n s i d e r a t i o n s  u n d e r ly in g  th e  p r i n c i p l e s  o f  t r e a tm e n t  were 
th e s e
( i )  Damage to  t h e  m otor n e u ro n e s  i s  known to  t a k e  p l a c e  
v e ry  r a p i d l y  i n  th e  e a r l i e s t  p h a s e s ;  e x te n s iv e  
damage i s  a l r e a d y  p r e s e n t  b e fo r e  t h e  o n s e t  o f  
m a n i f e s t  p a r a l y s i s ,  and e v id e n c e  o f  i r r e v e r s i b l e  
d e g e n e r a t io n  /
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d e g e n e r a t io n  o r  even  n e u ro n o p h a g ia  may "be p r e s e n t  
w i t h in  24 h o u rs  o f  th e  a p p ea ra n c e  o f  p a r a l y s i s .
Motor neurone  d e s t r u c t i o n  may c o n t in u e  to  t a k e  p l a c e  
d u r in g  th e  a c u te  phase  o f  t h e  d i s e a s e  (B odian  1 9 4 7 ) .
( i i )  The o n ly  method o f  p ro v e n  v a lu e  i n  l i m i t i n g  th e  e x t e n t  
and s e v e r i t y  o f  th e  p a r a l y s i s  i s  p h y s i o l o g i c a l  r e s t  
i n  th e  e a r l y  and p r e - p a r a l y t i c  s t a g e s  ( R u s s e l l  1947, 
1 9 4 9 ) .
( i i i )  On g e n e r a l  p r i n c i p l e s ,  i t  seemed r e a s o n a b le  to  assume 
t h a t  r e s t  i n  th e  e a r l y  s t a g e s  o f  t h e  p a r a l y t i c  phase  
m igh t p o s s i b l y  l i m i t  th e  e x t e n t  o f  perm anen t n e u ro n a l  
damage. S t r i c t  p r o o f  o f  t h i s  i s  d i f f i c u l t  to  o b t a i n  
f rom  t h i s  s e r i e s  b u t  i t  seemed to  be a r e a s o n a b le  
a s su m p t io n .
( i v )  Mere r e s t  i n  bed , a s  usually u n d e rs to o d  by th e  a v e rag e  
p a t i e n t ,  i s  n o t  enough; i t  i s  e s s e n t i a l  to  p r o v id e  
a d e q u a te  s e d a t i o n  and to  e n fo rc e  a  l i m i t a t i o n  o f  
m o to r  a c t i v i t y .
(v) R ecovery  i s  a sp o n tan eo u s  p r o c e s s ,  when i t  o c c u r s ,  and 
some d eg re e  o f  i t  a lm ost a lw ays f o l lo w s  t h e  a c u te  
s t a g e .
( v i )  E very  p a t i e n t  who was a d m i t te d  co m p la in in g  o f  one o r
o t h e r  of th e  p rodrom al symptoms was s t r i c t l y  c o n f in e d  
to  bed and  c a r e f u l l y  o b se rv e d .  As soon a s  i t  became 
a p p a re n t  t h a t  a  p a t i e n t  was in  th e  p r e - p a r a l y t i c  
phase  /
p h a se  o f  p o l i o m y e l i t i s  he was t o l d  to  l i m i t  h i s  
movements and to  r e l y  s o l e l y  on th e  n u r s in g  s t a f f  
f o r  h i s  s l i g h t e s t  r e q u i r e m e n t .  A lim b w hich  showed 
any d eg ree  o f  m uscle  w eakness was im m o b il ise d  i n  th e  
p o s i t i o n  o f  e l e c t i o n  in  a  padded w ire  s p l i n t  o f  l i g h t  
c o n s t r u c t i o n .  F u r th e r  to  i n c r e a s e  th e  amount o f  r e s t  
th e  p a t i e n t  was g iv e n  c o n t in u o u s  s e d a t i o n ;  b u t  t h i s  
was of co u rse  n o t  done in  any ease  showing th e  l e a s t  
s i g n  o f  r e s p i r a t o r y  d i f f i c u l t y .  Once th e  d i a g n o s i s  
was e s t a b l i s h e d ,  r o u t i n e  d a i l y  e x a m in a t io n  o f  m o tive  
power was o m i t t e d .
M uscle ’ spasm* was t r e a t e d  by th e  a p p l i c a t i o n  o f  l o c a l  
h e a t ,  e i t h e r  by h e a t - c r a d l e  o r  h o t - p a c k s .  P a s s iv e  
movements were c a r r i e d  o u t  d a i l y  b u t  no a t t e m p t  was 
made to  s t r e t c h  a  m uscle  t h a t  was i n  ’ spasm *. The 
ty p e  o f  * spasm* n o te d  w as, i n  most i n s t a n c e s ,  a  
h e ig h te n e d  re s p o n s e  to  s t r e t c h i n g ;  i t  was o f t e n  
accom panied  by p a i n .  In  v iew  o f  t h i s ,  and o f  th e  
u n c e r t a i n t y  a s  to  w h e ther  th e  m yoneural f u n c t i o n  i s  
a t  a l l  a f f e c t e d  i n  p o l i o m y e l i t i s  (B u ch th a l  1 9 4 9 ) ,  i t  
was c o n s id e r e d  in a d v i s a b le  r o u t i n e l y  t o  s t r e t c h  
m u sc le s  w i th o u t  p r e l i m i n a r y  r e l i e f  o f  h y p e r e x e i t a b i l -  
: i t y .
There has been  much d i s c u s s i o n  o f  th e  te rm  * m uscle  
spasm* /
spasm 1 i n  p o l i o m y e l i t i s .  I t  h a s  o f t e n  been  u sed  to  
d e s c r i b e  v a r i o u s  ty p e s  o f  m uscle d i s f u n c t i o n .  P oh l 
and  Kenny (1943) c o n s id e r e d  m usc le  spasm to  be  a 
d e c i s i v e  f a c t o r  in  th e  c o u rse  o f  p o l i o m y e l i t i s .  
P o l lo c k  e t  a l .  (1949) d e n ie d  th e  e x i s t e n c e  o f  m uscle  
spasm , whieh th ey  d e f in e d  as  a  s t a t e  o f  s u s t a i n e d  
i n v o l u n t a r y  t e t a n i c  c o n t r a c t i o n  o f  m u sc le ,  e x c e p t  th e  
m u sc u la r  spasm a s s o c i a t e d  w i th  th e  m en ingea l r e a c t i o n  
i n  th e  m en in g ea l  s t a g e  o f  th e  i l l n e s s ,  b u t  Bouman 
(1947) e x p la in e d  1 spasm* by assum ing a re p la c e m e n t  o f  
th e  s i n g l e  n e u ro n  r e f l e x  a r c ,  n o rm a lly  r e s p o n s i b l e  
f o r  m y o ta t ic  a c t i v i t y ,  by m u lt in e u ro n e  a r c s  p o s s i b l y  
a s s o c i a t e d  w i th  the  d is a p p e a ra n c e  o f  i n h i b i t o r y  
im p u ls e s .  M i t c h e l l  (1952) t r i e d  to  r e s o l v e  th e  
c o n t r o v e r s y  by d e s c r i b i n g  th e  v a r i o u s  c l i n i c a l  f i n d -  
s in g s  w hich  a re  c o l l e c t i v e l y  d e s c r ib e d  a s  * spasm*.
He c o n s id e re d  t h a t  th e  l i m i t a t i o n  of s t r a i g h t  l e g  
r a i s i n g  and s h o u ld e r  a b d u c t io n  were due to  p a i n  
a r i s i n g  from r e s i d u a l  in f la m m a to ry  changes i n  th e  
r e g i o n  o f  th e  d o r s a l  r o o t s  o r  m en in g es .  With t h i s  I  
am in  ag reem en t s in c e  such l i m i t a t i o n  i s  o b se rv e d  
q u ic k ly  to  r e s o l v e  soon a f t e r  the  a c u te  p h ase  o f  t h e  
i l l n e s s  i s  o v e r .  M i t c h e l l  a l s o  c o n s id e r e d  t h a t  th e  
g r e a t e r  r e s i s t a n c e  to  s t r e t c h  fo u n d  o c c a s i o n a l l y  i n  
m u sc les  /
m u sc le s  such  a s  th e  b ic e p s  and th e  c a l f  m u sc le s  c o u ld  
n o t  be  e x p la in e d  by a  g u a rd in g  a c t i o n  a lo n e ,  a l th o u g h  
p a i n  a lw ays c o - e x i s t e d ,  i n  the  s e r i e s  h e re  o b se rv e d  
t h i s  s o r t  o f  r e s i s t a n c e  to  s t r e t c h ,  accom panied  by 
p a i n ,  was o b se rv ed  in  t h r e e  c a s e s ,  a s  f o l l o w s .
The f i r s t ,  (c a se  4 on page 35) was n u r s e d  i n  a  Both 
r e s p i r a t o r  f o r  6 weeks and s e l e c t i v e  p o s i t i o n i n g  o f  
t h e  upp er  l im b s ,  which were s e v e r e l y  p a r a l y s e d ,  was 
c l e a r l y  im p o s s ib le ;  spasm o f  t h e  f l e x o r - a d d u c t o r  
g ro u p s  o f  th e  arms o c c u r r e d .
The seco n d , a  g i r l  o f  4 y e a r s  (e a se  5 on page 36) 
d e v e lo p ed  r e s i s t a n c e  t o  s t r e t c h  o f  th e  c a l f  m u sc le s ;  
t h i s  was a t t r i b u t e d  to  th e  d i f f i c u l t y  i n  g e t t i n g  
c o - o p e r a t i o n  from th e  p a t i e n t  d u r in g  p h y s io th e r a p y  i n  
a l l  s t a g e s  o f  th e  i l l n e s s ,  and th e  developm ent o f  
c o n t in u e d  o v e r a c t io n  o f  a  s t r o n g e r  o v e r  a  w eaker 
m usc le  g ro u p .
The t h i r d  was a Royal Army M edica l Corps n u r s in g  o r d e r l y  
who d ev e loped  i n c r e a s e d  p a r a l y s i s  o f  one lim b i n  th e  
5 th  week o f  i l l n e s s ,  lo n g  a f t e r  the  a c u te  s t a g e .  In  
a l l  t h e s e  c a s e s  th e  p a i n  o c c u r r e d  o n ly  on a e t i v e  o r  
p a s s i v e  movement o f  the  a f f e c t e d  l im b s .
M uscle spasm was n o t  a  p rob lem  e x c e p t  i n  th e  t h r e e
c a se s  m en tioned  above; t h i s  i s  th e  norm al f i n d i n g  i n  
c a s e s  /
c a s e s  t r e a t e d  from  the  o n s e t  w i th  r e s t ,  s e d a t i o n ,  
s e l e c t i v e  p o s i t i o n i n g  o f  a f f e c t e d  l im b s  and p a s s i v e  
movements.
C o n s id e r in g  th e  number o f  c a s e s  and th e  s t a f f  a v a i l a b l e  
to  t r e a t  them , t h e  scheme o u t l i n e d  i s  th o u g h t  t o  have 
b een  r a t i o n a l .  A lthough  s p l i n t i n g  o f  p a r a ly s e d  l im b s  
i s  n o t  now f a s h io n a b le  th e  r e s u l t s  a c h ie v e d ,  I  t h i n k ,  
were good , ( t a b l e  ? ) .  I  t h in k  th e r e  i s  s t i l l  a  p l a c e  
f o r  t h e  k in d  o f  s p l i n t i n g  d e s c r i b e d .  I t  was by no 
means r i g i d  i n  the  sen se  t h a t  i t  was m a in ta in e d  
w i th o u t  d a i l y  p a s s i v e  movements; and i t  was d i s ­
p e n s e d  w i th  a t  th e  e a r l i e s t  moment and a s  soon a s  
a c t i v e  movements were p r e s c r i b e d  by th e  o r th o p a e d ic  
s u rg e o n .  A c tiv e  movements, w i th  s u p p o r t  from  s l i n g  
and  s p r i n g ,  were begun a s  soon  a s  t h e  a c u te  p h ase  o f  
t h e  d i s e a s e  was o v e r ,  and c o n t in u e d ,  w i th  g r a d u a l  
i n c r e a s e  of a c t i v i t y ,  as lo n g  a s  th e  p a t i e n t  r e q u i r e d  
them . I t  was n o t  found  e x p e d ie n t  to  f o r c e  th e  pace  
w i t h  a c t i v e  e x e r c i s e s  a n d  c e r t a i n l y  no m uscle  was 
made to  a c t  to  t h e  p o in t  o f  f a t i g u e .  I n  two 
i n s t a n c e s ,  where by o v e r - e n th u s ia s m  on th e  p a r t  o f 
t h e  p a t i e n t ,  r a t h e r  to o  much e x e r c i s e  was t a k e n ,  th e  
m usc le  improvement was h a l t e d ,  and i n  one case  
r e g r e s s e d ,  a s  judged  by t h e  w eekly  o b j e c t i v e  a s s e s s -  
:ment /
a s s e s s m e n t  o f  m uscle  pow er. This i s  n o t  i n  k e e p in g  
w i t h  R u s s e l l f s (1952) f i n d i n g  t h a t  f a t i g u e  does no 
harm t o  p a r e t i c  m u sc le s .
The padded  w ire  s p l i n t s  w hich  were u sed  i n  th e  a c u te  
p h a se  o f  th e  i l l n e s s  w e re ,  i n  e f f e c t ,  an  a t t e m p t  to  
p l a c e  t h e  l im b s  i n  th e  p o s i t i o n  o f  co m fo r t  such  a s  
m igh t a l s o  have been  a c h ie v e d ,  w i th  l e s s  e f f e c t  and  
th e  more c e r t a i n t y  o f  l o s s  o f  optimum p o s i t i o n ,  w i th  
p i l l o w s .
The r e s u l t s  o f  t r e a tm e n t  a r e  shown i n  f i g u r e  IV. O th e r  i j  
f i g u r e s  f o r  e a r l y  r e c o v e ry  o f  p a r a l y t i c  c a s e s  a r e  n o t  !
i
s t r i c t l y  com parable  w i th  t h i s  r e l a t i v e l y  sm a l l  s e r i e s .  
Seddon, Hawes and R a f f r a y  (1946) q uo te  3 1 .4  p e r  c e n t .  I 
o f  e a r l y  r e c o v e r y  i n  a sam ple  o f  500 c a s e s  i n  th e  
M a u r i t iu s  ep idem ic  o f  1945 i n  which t h e  age d i s t r i b ­
u t i o n  was o f  th e  i n f a n t i l e  ty p e ,  and L enh ard  (1947) 
found  t h a t  76 p e r  c e n t ,  o f  405 c a s e s  i n  M ary land  made ; 
what he c a l l e d  a good r e c o v e r y  ( t a b l e  Y ). j
SUMMARY:
The b a s i s  o f  th e  t r e a tm e n t  o f  the  a c u te  s t a g e  o f  p o l i o -  
: m y e l i t i s  i s  p r e s e n t e d  and th e  meaning o f  m usc le  spasm i s  
d i s c u s s e d .  The r e s u l t s  o f  t r e a tm e n t  a r e  shown and  ro u g h ly  
compared w i th  th o se  o f  o t h e r  e p id e m ic s .  !
COHCLUSIOHS: /
OOHCLUSIOffS:
1) A lthough  m ethods of t r e a tm e n t  o f  th e  a c u te  p h a se  o f  
p o l i o m y e l i t i s  v a ry  i n  d e t a i l ,  r e s t  o f  p a r a l y s e d  m u sc le s  w i th  
d a i l y  i n t e r m i t t e n t  p a s s iv e  movement i s  l i k e l y  to  g iv e  th e  b e s t  
r e s u l t s .
2) R e tu rn  t o  a c t i v e  movements, u n der  e x p e r t  s u p e r v i s i o n ,  
a s  e a r l y  a s  p o s s i b l e  i s  a d v o c a te d .
3) Muscle f a t i g u e  sh o u ld  be a v o id e d  a t  a l l  s t a g e s  o f  
t r e a t m e n t ,  a s  p h y s io th e r a p y  to o  v i g o r o u s l y  p u rs u e d  may r e t a r d  
r e c o v e r y  o f  m uscle  pow er.
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TABLE I
.DISTRIBUTION OF OASES IB THE THESE SERVICES
S e rv ic e O f f i c e r s
O the r
Ranks f i v e s C h i ld re n
C i v i l i a n s
Employed
S e r v ic e s T o ta l
Army 4 15 2 2 3 26
Navy 3 9 3 8 - 23
Royal A ir  
Force - 1 - 1 - 2
T o ta ls 7 25 5 11 3 51
TABLE I I
AGE GROUPS
Age Groups 
i n  
Y ears 0-4 5 -9  10 -14  15-19 20-29  30-39  40 -49 T o ta l
Utimber
o f
Cases 7 3 1 9 20 9 2 51
P e rc e n ta g e  1 3 .9  5 .8  1 .9  1 7 .6  3 9 .2  1 7 .6  3 .8  100
TABLE I I I
CALCULATION OF INCUBATION PERIODS
Date of o n s e t  I n c u b a t io n  P e r i o d  
Case No. o f  i l l n e s s  (days)  S e v e r i t y
1 1 6 th  August 1950 18 S evere
2 1 8 th ft tt 20 M oderate
3 2 0 th n tt 22 M ild
4 2 0 th tt tt 22 M ild
5 2 1 s t ?i tt 23 M ild
6 2 8 th tt tt 30 N o n - p a r a l y t i e
7 3 0 th Tf n 32 M ild
TABLE IV 
CEREBRO-SPIHAL FLUIDS
Case
No.
Day of 
L .P .
No. o f  o e l l s  
p e r  c u b ic  m.m.
P r o t e i n  
(mgm p e r  
c e n t . ) Remarks
1 3 L .2  RBC 34 75 M oderate  c a s e .
3 3 L .3 120 D ied w i t h i n  36 h o u rs  o f  
a d m is s io n .  F u lm in a t in g  
c a se  •
4 4 L .5 50 No r e s i d u a l  d i s a b i l i t y .  
R ig h t  arm p r i n c i p a l l y  
i n v o lv e d .  M ild  c a s e .
5 2 L .6 50 R ig h t  f a c i a l  and lo w er  
l im b  w e a k n e ss .  M ild  
c a s e .  F u l l  r e c o v e r y .
7 6 L .1 2 100 M odera te  c a s e .  Good 
r e c o v e r y .
12 5 L .9 45 N o n - p a r a l y t i c .
24 6 L .9 50 N o n - p a r a l y t i c .
29 3 1 .7 2  Few P . 60 M eningea l ty p e  w i th
m arked head  r e t r a c t i o n .  
Minimal w e a k n e ss .  No 
r e s i d u a l  d i s a b i l i t y .
33 5 1 .2 2 0  Few P . 50 M eningeal t y p e .  
N o n - p a r a l y t i c .
35 5 L .560 170 M ild  c a s e .  Minimal l e f t  
l e g  and r i g h t  f a c i a l  
w e a k n e ss .  No r e s i d u a l  
d i s a b i l i t y .
36 4 L .380  Few P . 120 N o n - p a r a l y t i c .
37 3 L .1 20  Few P . 55 N o n - p a r a l y t i c .
73.
TABLE XV (Continued.)
Case
Ho.
Day o f  
L .P .
Ho. o f  c e l l s  
p e r  c u b ic  m.m.
P r o t e i n  
(mgm p e r  
c e n t •) Remarks
38 3 L .3 75
Marked p a r e s i s  o f  l e g s .
9 L .3 45 S evere  c a s e .
39 2 L .52  Few P . 110 Marked p a r e s i s  o f l e g s .  
Severe  c a s e ,
40 1 L .3 85 P a r e s i s  and  w eakness o f  
l e g s .  Ho r e s i d u a l  
d i s a b i l i t y .  M ild  c a s e .
41 3 L .123 40 M eningea l t y p e .  S l i g h t  
g e n e r a l i s e d  l e g  
w e a k n e ss .  M ild  c a se  
w i th  no r e s i d u a l  
d i s a b i l i t y .
42 3 L .3 65 Marked arm and  l e g  
w eakness  b u t  no 
r e s i d u a l  d i s a b i l i t y .
43 6 - 85 Ho r e s i d u a l  d i s a b i l i t y .  
M ild  c a s e .
44 3 L .23 55 Died i n  m ec h a n ic a l  
r e s p i r a t o r  3 days 
a f t e r  a d m is s io n .
U.B. CHLORIDES AND SUGAR SHOWED HO DEVIATION 
OUTSIDE THE HORMAL RAHGE.
L = LYMPHOCYTES P = POLYMORPHONUCLEAR.
table V
COMPARISON OF DEATH AND MORBIDITY BATES PERCENT
M alta M a u r i t iu s M aryland
D eaths 4 5 .8 4
Poor r e c o v e ry 18 1 9 .8 EO
Good r e c o v e r y 7 8 .4 7 4 .4 76
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